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FOREWORD 

This  report,  prepared  by  Martin  Marietta  Corporation,  is  submitted  to  George  C.  Marshall 
Space  Flight  Center,  National  Aeronautics  and  Space  Administration  (NASA),  Marshall  Space 
Flight  Center  (MSFC),  Alabama,  in  response  to  the  requirements  of  contract  NAS8-37856,  Space 
Transfer  Vehicle  Concept  and  Requirements,  Data  Procurement  Document  No.  709,  DR-4. 
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Executive  Summary 
Contract  Closeout 

Space  Transfer  Vehicle  (STV)  Concepts  and  Requirements  Study 
Contract  Number  NAS8-37856 

September  1993 


1.0  INTRODUCTION 

With  the  initiative  provided  by  President  Bush  to  expand  the  exploration  and  habitation  of  space, 
a need  arose  to  define  a reliable  and  low  cost  system  for  transporting  man  and  cargo  from  the 
earth  surface  or  orbit  to  the  surface  of  the  moon  or  Mars.  The  definition  of  this  system  was  two 
fold  the  need  for  a low  cost,  heavy  lift  Earth-To-Orbit  system  represents  one  of  the  major 
emphasis  and  the  other  is  the  transportation  system  itself.  Phase  I of  the  STV  study  analyzed  and 
defined  an  efficient  and  reliable  system  that  met  the  requirements  and  constraints  of  both  he 
existing  and  planned  ETO  systems  and  the  surface  habitation  needs,  as  well  amwn* I at  he 
definition  of  key  technologies  needed  to  accomplish  the  these  missions.  The  results  of  the  study 
provide  a family  of  systems  that  support  a wide  range  of  existing  and  potential 
The  simplest  of  the  systems  support  the  near  earth  orbital  payload  deliveries  for  both  NASA  and 
the  DoD,  requiring  very  short  mission  duration  with  no  recovery  of  any  portion  of  ^system. 
The  more  complex  systems  provided  support  for  the  interplanetary  manned  missions  to  both  the 
moon  and  to  Mars.  These  vehicles  represented  state-of-the  art  systems  that  provided  safety  as 
well  as  reusable  characteristics  that  allowed  the  system  to  be  used  in  a spaced  based  mode,  the 
next  step  in  the  expansion  of  manned  presence  in  space. 

The  space  transportation  tasks  that  the  STV  system  was  to  perform,  transport  humans  with 
mission  and  science  equipment  from  Earth  to  high  earth  orbits  or  the  surfaces  of  the  moon  or 
Mars,  were  divided  into  three  phases.  (1)  Transportat.onto-and-from 

being  accomplished  by  the  NSTS,  ELVs,  and  new  heavy-lift  launch  vehicles  (HLLV)  capable  of 
75  to  150  t cargo  delivery;  (2)  space  transfer  vehicles  providing  round-trip  transportation 
between  LEO,  lilnar,  and  planetary  orbits;  and  (3)  excursion  vehicles  providing  transportation 
between  lunar/planetary  orbits  and  their  surfaces.  Where  one  mode  of  transport  gave  way  to 
another,  transportation  nodes  could  be  utilized.  In  low  Earth  orbit.  Space  Station  Freedom  or  a 
co-orbiting  platform  could  serve  that  need.  Elements  of  the  space  transfer  and  excursion  vehicles 
were  delivered  by  the  HLLV  and  crews  by  the  NSTS.  Once  all  the  elements  were  delivered, 
crews  from  SSF  assemble,  checkout,  and  then  launched  the  vehicle.  Following  completion  of  the 
planned  stay  at  the  orbital  node,  lunar  surface,  or  Mars,  the  transfer  vehicles  returned  the  crew 
and  a limited  amount  of  cargo  to  LEO  where  the  vehicles  were  refurbished  and  serviced  for 
additional  missions.  Performing  the  transportation  functions  in  this  manner  maximized  the 
commonality  and  synergism  between  the  lunar  and  Mars  space  transportation  systems  and 
brought  the  challenge  of  the  exploration  initiatives  within  the  reach  of  orderly  technology 
advancement  and  development. 

Our  final  report  for  Phase  I addressed  the  future  space  transportation  needs  and  requirements 
based  on  the  current  assets,  at  the  time,  and  their  evolution  through  technology/advanced 
development  using  a path  and  schedule  that  supported  the  world  leadership  role  of  the  Um  ed 
States  in  a responsible  and  realistic  financial  forecast.  Always,  and  foremost,  the 
recommendations  placed  high  values  on  the  safety  and  success  of  missions  both  manned  and 
unmanned  through  a total  quality  management  philosophy  at  Martin  Marietta. 
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The  sec°nd  phase  of  the  STV  contract  involved  the  use  of  Technical  Directives  (TD)  to  provide 
short-term  support  for  specialized  tasks  as  required  by  the  COTR.  Three  of  these  tasks  were 
ffJSSp?  ” Pa?llel.  Wlth  Ph^e  I,  These  tasks  were  the  Liquid  Acquisition  Experimem 

(L|REKand  Ss>en  System  for  Desi*"’  Operation, 
SOOTS).  The  results  of  these  TDs  were  reported  in  conjunction  with 
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2.0  TECHNICAL  DIRECTIVES 


2.1  TD06,  Advanced  Avionics  Testbed  Connectivity  Study 

Purpose 

Many  NASA  centers  have  developed  and  maintained  a variety  of  R&D  laboratories  in  support  of 
various  space  programs.  By  linking  the  sizable  avionics  laboratory  resources  of  NASA  together 
in  an  integrated  environment,  a powerful  new  national  capability  can  be  directed  toward  new 
space  initiatives.  The  SDIO's  NTB  is  an  example  of  an  integrated  test  environment  aimed  at 
leveraging  existing  R&D  facilities  into  a network  of  federated  laboratories.  This  integrated 
systems  approach  provided  the  SDIO  with  considerable  evaluation,  test,  and  validation 
capabilities  at  a reasonable  cost.  The  NTB  concept  was  patterned  along  the  lines  of  NASA's 
integrated  mission  simulation  capabilities  for  the  Shuttle  Program,  but  greatly  expanded  to  meet 
the  needs  of  the  SDIO's  validation  missions.  Historically  many  R&D  labs  have  been  built 
support  particular  vehicle  configurations  with  limited  utility  to  other  configurations.  This 
approach  was  justifiable  when  computer  systems  and  interfacing  devices  were  extremely 
expensive.  With  the  growing  cost  effectiveness  of  computer  systems  related  to  laboratory 
operations,  it  is  important  for  new  projects  to  take  advantage  of  this  situation  by  integrating 
existing  facilities  to  meet  the  needs  of  proposed  new  programs  to  ensure  the  cost  effective 
development  and  implementation  of  new  technology. 

Martin  Marietta  shall  formulate  a preliminary  concept  for  an  integrated  avionics  laboratory  for 
future  space  transportation  systems.  Trade  studies  and  analysis  will  be  conducted  to  compare 
and  evaluate  existing  NASA  avionics  laboratory  capabilities  and  assess  the  benefits  of  using  an 
integrated  distributed  approach  similar  to  the  NTB  for  combining  the  capabilities  of  multiple  lab 
systems.  The  foundation  for  concept  development  will  be  derived  from  the  following  reviews: 

(1)  a study  of  the  avionics  requirements  derived  by  the  Civil  Space  Programs 

(2)  an  examination  of  existing  NASA  avionics  laboratory  facilities  which  support  space 
transportation  systems,  and 

(3)  an  examination  of  existing  NASA  aeronautics  avionics  facilities  which  could  be  of 
value  to  space  transportation  systems. 

The  reviews  of  advanced  requirements  and  existing  avionics  facilities  will  be  used  to  identify  key 
sources  of  avionics  testing  support  (hardware  and  software)  and  as  sources  of  data  and  expertise 
in  various  technical  areas  related  to  advanced  avionics  technologies.  The  results  of  these 
investigations  will  provide  definitions  of  a wide  range  of  avionics  test  be  architecture  concepts, 
at  the  local  level,  and  at  the  integrated  avionics  systems  level. 

The  concept  formulation  process  will  include  an  open,  distributed  architecture  which  ultimately, 
when  developed,  will  allow  addressing  the  following  six  stages  of  avionics  systems 
development: 

1)  The  ability  to  evaluate  concepts  and  technologies  employed  in  the  design  of  transportation 
systems  through  the  extensive  use  of  software  tools. 

2)  The  ability  to  conduct  rapid  prototyping  (hardware  and  software)  of  transportation  systems 
concepts  for  evaluation 

3)  The  ability  to  conduct  subsystem  simulations  to  explore  performance  (e.g.  dynamics,  flight 
code  validation,  calibrations,  etc.) 
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4)  The  ability  to  conduct  en-to-end  simulations  continuing  a mixture  of  simulated,  emulated, 
and  prototype  avionics  systems  for  the  purpose  of  validating  performance  and  architectures 
during  the  initial  phases  of  program  development. 

5)  The  ability  to  conduct  integrated  hardware-in-the-loop  simulations  for  the  purpose  of 
demonstration,  evaluation,  validation,  and  verification. 

6)  The  ability  to  conduct  real-time  mission  monitoring,  analysis,  and  mission  support  as 
required. 

The  operational  concept  formulated  for  this  study  will  define  the  major  and  minor  node 
architectures  of  an  integrated  avionics  test  bed  which  will  provide  for  1)  autonomy  of  operation 
for  each  element  in  dealing  with  integration  and  development  issues,  within  their  purview  and  2) 
an  integrated  avionics  test  bed  with  the  capability  for  interoperability  and  integration  of  elements 
across  a wide  spectrum  of  operating  ranges.  To  achieve  the  interoperability  and  integration  goals 
of  the  study,  the  contractor  will  define  appropriate  standards,  compatibility,  transportability,  and 
other  open  architecture  objectives  necessary  for  an  integrated  avionics  test  bed. 

Defined  Tasks 

The  contractor  shall: 

1)  Develop  a generalized  conceptual  design  that  includes  the  characterization  of  NASA's 

existing  avionics  facilities  and  laboratories  and  identification  of  key  resources  within  the 
agency  which  could  be  of  value  to  an  integrated  avionics  test  bed  for  a space  transportation 
system.  r 

2)  Conduct  a communication  connective  analysis  of  existing  NASA  systems  and  identify  gaps 
in  capabilities  or  technology  which  would  not  adequately  support  the  concept  of  an  integrated 
avionics  test  bed. 

3)  Develop  architectural  concepts  for  an  integrated  avionics  test  bed  which  address 
transportability  of  hardware  and  software  components. 

Deliverables 

The  outputs  of  this  study  will  be  two  viewgraph  presentations,  the  second  of  which  will  include 
facing  page  text.  Hard  copies  of  the  second  presentation  will  be  provided  as  a final  report. 

2.2  TD07,  Lunar  Transportation  System 

Purpose 

The  contractor  shall  support  the  MSFC  Lunar  Transportation  Study  Team  through  the 
development  of  key  study  data.  Parametrics,  sensitivities,  analysis,  and  trade  studies  will  be 
conducted  to  define  the  vehicle  and  operational  characteristics  for  an  alternative  approach  to  the 
Option  5 SEI  lunar  mission  architecture.  An  assessment  of  technology/advanced  development 
benefits  will  be  conducted  using  parametric  analysis  and  trade  studies  to  develop  options  and  a 
which  can  become  part  of  the  mission  architecture  analysis  and  transportation  system 
definition  process.  The  contractor  shall  conduct  an  assessment  of  mission  architectures 
recommended  by  the  synthesis  committee  at  a level  of  detail  directed  by  MSFC. 

The  foundation  from  which  this  analysis  activity  is  based  but  not  constrained,  includes: 

1)  Phase  I STV  Concept  and  Requirements  Study  recommendations  for  LTS  configuration 
design,  operation,  and  technology/advanced  development  implementation  plan. 

2)  SEI  Lunar  Outpost  Phased  Exploration  Plan  (05  June  1990) 
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3)  SSF/STV  Accommodations  Study,  supplement  with  recommendation  from  the  90-day 
Redesign  study. 

4)  MASE  SRD  requirements  apply  except  for  payload  and  staytunes. 

5)  Phased  Lunar  Approach  programmatics  and  assumptions  documented  in  the  January  1991 

6)  MSFC-PD  will  provide  the  HLLV  configuration  dimensioned  drawings  to  develop  vehicle 
designs,  the  HLLV  & STS  launch  costs  to  perform  the  Earth  recovery  mode  trade,  and  the 
storable  engine  development  costs  and  programmatics  to  perform  the  cryo/storable  vs  all  cryo 
trade. 

Defined  Tasks 
The  contractor  will: 

1)  Develop  an  alternate  LTS  concept  that  uses  a rendezvous  and  docking  assembly  approach  the 
define  the  corresponding  detailed  vehicle  design,  operations  concept,  and  LCC  profile. 
Paramedics  and  studies  shall  be  performed  to  evaluate  delivery  mass  ranges,  mission 
scenarios,  propulsion  systems,  vehicle  stage  quantities,  and  technology/advanced 
development  impacts.  Develop  a lunar  transfer  vehicle  design  to  perform  phase  II  of  the 
Phase  Lunar  Approach. 

a)  design  vehicles  for  4 different  vehicle  configurations: 

i 2 propulsion/avionics  (P/A)  vehicle  (90  day  ref.  optimized) 

ii  Single  P/A  vehicle 

iii  3 stage  vehicle  (2  stage  lander  vehicle) 

iv  3 stage  vehicle  with  storable  ascent  vehicle 

b)  design  vehicles  for  3 different  earth  return  mission  modes  (all  ground  based) 

i earth  reenter  directly  to  ground  base  (consider  ground  & water  recovery) 

ii  Aerobrake  EOI,  STS  recovery 

iii  All-propulsive  EOI,  STS  recovery 

c)  perform  sensitivities  for  the  following  vehicle  parameters: 

i payload  size  for  piloted  (0-  15t)  and  cargo  expendable  (5-50t)  modes 

ii  lander  stay  time  when  base  not  available 

d)  identify  design  impact  if  ground  based  (HLLV  crew  launch) 

2)  The  contractor  shall  execute  a three  phase  performance  and  benefit  assessment  of 
Technology/Advanced  Development  needs  for  "Option  5"  transportation  systems. 

Phase  one  shall  assess  the  technologies  within  the  following  categories;  they  are  listed  in  the 
order  of  their  priority: 

a.  Cryo  Systems 

b.  Avionics/Software 

c.  Engine/Propulsion 

d.  Aerobrake 

e.  Vehicle  In-Space  Assembly 

f.  Orbit  Launch  and  Checkout 

g.  Vehicle  Structure 

h.  Crew  Module 

i.  Environmental  Control  Life  Support  System 

j.  Lunar/Mars  Surface  Operations 

k.  Ground  Operations 

l.  Vehicle  Right  Operations 
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Evaluate  the  technologies  using  the  following  criteria:  - - 1 ^ * 

Cost  - Life  Cycle  Cost  (LCC)  and  Nonrecurring 
Recurring  savings  per  vehicle 

Design,  Development,  Test,  and  Evaluation  and  Research  and  Technology  (R&T) 
Benefit  - LCC  verses  R&T  Cost 
Net  Present  Value  at  5% 


Performance  - Safety,  Reliability,  Space  Transfer  Vehicle  (STV),  impacts,  Launch  Vehicle 
and  infrastructure  impacts 

Schedule  - Technology  readiness  Level  6 by  STV  PDR,  Determine  Lead  time  required  to 
mitigate  risk 


Other  - Reusability,  Producibility,  Maintainability,  Adaptability,  Man-rateability,  Fault 
Tolerant  Capability,  and  Space  Base  Capability 

Phase  two,  perform  a more  in-depth  analysis  of  a selected  group  of  the  technologies  from 
Phase  one  using  the  above  criteria.  The  technologies  to  be  studied  will  be  identified  by 
NASA  at  or  near  the  completion  of  Phase  one. 

Phase  three,  assess  the  refined  technologies  with  respect  to  the  architectures  recommended  bv 
the  Synthesis  group.  J 

3)  For  the  following  Lunar  Mission  Technology  Areas: 

a.  Aerobrake 

b.  Avionics. . ; 

c.  Cryogenic  Engine 

d.  Cryogenic  Fluid  Management 

e.  In  Space  Operations/Assembly 

f.  Structures  and  materials 

Perform  parametric  studies  to  determine  sensitivities  to  a range  of  architectures  and  mission 
scenarios.  This  will  include: 

Development  of  a benefit/cost"  analysis  to  the  extent  feasible  given  the  parametric 
nature  of  this  task 

Utilization  of  Taguchi  methods  where  applicable 

Assessment  of  qualitative  (maintainability,  reusability,  etc.)  parameters  as  well  as 
quantitative  (cost,  performance,  etc.)  to  the  extent  feasible  given  the  parametric  nature  of 
this  task 


4)  Support  the  MSFC  Lunar  Transportation  Study  Team  in  the  assessment  of  synthesis  mission 

architecture  recommendations  as  requested  by  the  COTR. 

Deliverables 

The  contractor  shall  provide  design  data  including  interior  layouts  an  d dimensionetT ~ * *~ 
configuration  sketches,  one  top  level  engineering  drawing  of  the  selected  configuration  for  the 
complete  LTS  vehicle  and  each  crew  module,  mass  property  statements,  and  sequential 
statements,  a description  of  selected  subsystems,  a description  of  orbital  processing  (for  space 
based)  and  regular  maintenance  tasks,  and  a listing  of  the  technology,  readiness  level  for  selected 
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subsystems.  Results  will  be  presented  in  viewgraph  and  facing  page  format  at  two  reviews,  the 
first  of  which  will  coincide  with  MSFC’s  April  1991  Space  Transportation  Week  and  the  second 
to  occur  son  after  task  completion.  Final  documentation  will  consist  of  hard  copies  of  the  final 
presentation. 

2.3  TD08,  Integrated  Modular  Engine  Feasibility  Study 

Objective 

The  incorporation  of  integrated  modular  engines  (IME)  in  vehicles  such  as  upper  stages,  ffansfer 
vehicles,  and  landers  offers  attractive  benefits  which  include  differential  throttling  of  engines  for 
thrust  vector  control,  modularization  of  the  propulsion  components  for  reliability  and 
maintainability,  and  improved  propulsion  system  packaging  for  performance  and  operational 
efficiency.  The  use  of  differential  thrusting  allows  the  deletion  of  TVC  actuators  and  gimbaled 
propellant  feed  ducts.  Modularization  provides  additional  flexibility  in  location  and  numbers  of 
pumps,  thrust  chambers  and  inlet  manifolds. 

A study  shall  be  performed  that  defines  concepts  for  space  vehicles  incorporating  the  IME, 
quantifies  potential  IME  benefits,  identifies  issues  that  must  be  addressed,  and  defines  the 
technical  and  programmatic  actions  required  to  develop  the  IME. 

Defined  Tasks 

The  following  tasks  shall  be  performed  during  this  study. 

System  Definition  . 

The  contractor  shall  develop  conceptual  designs  for  a variety  of  vehicles  including  upper 
stages,  landers,  and  transfer  vehicles  that  use  the  IME  concept.  The  outputs  of  the  task  shall 
include: 

An  evaluation  of  the  application  of  the  IME  concept  to  a range  of  space  vehicle  applications. 
This  evaluation  shall  include  the  definition  of  configuration  options,  propulsion  operating 
modes  (e.g.,  tank  head  idle,  full  thrust,  continuous  and  step  deep-throttling), 
vehicle/propulsion  system  interfaces,  operations  impacts,  and  evolution  paths  to  other 
vehicles. 

An  evaluation  of  different  concepts  for  achieving  turbopump,  thrust  chamber,  and  feed 
system  redundancy  and  reliability.  The  pros  and  cons  of  various  strategies  shall  be  quantified 
and  evaluated. 

A comparison  of  vehicle  performance  parameters  for  the  IME  concept  and  a comparable 
conventional  propulsion  system.  This  comparison  shall  include  propulsion  system 
performance  (nominal,  throttled,  off-nominal),  power  requirements,  and  vehicle  weight  and 
size  impacts. 

Analysis 

The  following  analyses  shall  be  performed  during  this  study: 

The  thrust  vector  control  (TVC)  requirements  imposed  on  the  propulsion  system  by  the 
vehicles  shall  be  defined.  Strategies  for  achieving  these  roll,  pitch,  and  yaw  TVC 
requirements  using  the  IME  shall  be  defined  and  associated  propulsion  system  parameters 
shall  be  quantified.  A preliminary  weight  statement  shall  be  prepared  to  quantify  the  benefit 
of  eliminating  conventional  TVC  hardware. 
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The  advantages  and  disadvantages  of  various  engine  exhaust  expansion  strategies  (bell 
nozzles,  plug  nozzles,  etc.)  shall  be  analyzed.  Computer  analyses  shall  be  performed  to 
determine  the  effects  of  expansion  surface  geometry  on  performance  and  flow  parameters 
during  the  engine  bum  phase.  v 

Thermal  analyses  shall  be  performed  to  quantify  the  heat  transfer  in  the  expansion  surface 
region  that  may  be  used  to  drive  the  turbomachinery.  This  analysis  shall  address  a variety  of 
mission  scenarios  including  full  thrust,  throttled,  differentially  throttled,  and  "module-out". 

Technology  Development 

Thecontractor  shall  identify  IME  technology  issues  and  recommend  a program  for  bringing 
“ concept  to  a level  of  technical  maturity  where  it  becomes  a viable  option  for  a space 
vehicle  propulsion  system.  This  program  definition  shall  include  technology  development 
objectives,  test  objectives  and  requirements,  hardware  options,  resource  requirements,  facility 
requirements,  and  program  schedule.  ^ ' 

Deliverables 

A project  plan  which  defines  the  contractor's  proposed  approach  shall  be  submitted  to  MSFC 
within  two  weeks  of  initiation  of  the  Technical  Directive.  The  contractor  shall  produce  brief, 
written  monthly  prop-ess  repons,  documenting  the  previous  month's  activities,  plans  for  the 
current  month,  problemareas.  An  informal  estimate  of  the  cost  and  manpower  status  will  also  be 
month,  pe  contractor  shall  conduct  a mid-term  review  and  a final  review  at 

KubS"0"8  S,Udy’  includi"g  a“  analyses' 


2.4  TD09,  Upper  Stage  Evolution  Study 

Purpose 

H pvL lnnm^n/nf  S^alL  suPP°rt  tbe  MSFC  Upper  Stages  Group  through  the  assessment  and 
^oi°P  ent  of  %^ateSy  f°r,the  planning,  definition,  and  implementation  of  an  NLS  Upper 
nSfh  KT^1SrW1  bc,donc  by  looking  back  at  what  has  been  done,  what  was  learned 

(both  good  and  bad)  from  what  was  done,  and  where  we  ought  to  go  based  on  existing  and 

of  npper  stages  across  811  ^ «hicl“  »«' 

Defined  Tasks 

The  contractor  will: 

(1)  Review  work  already  performed  under  both  Space  Transfer  Vehicle  Concept  and 
Requirements  Studies  and  the  90-Day  Study.  Based  on  this  identify  the  following: 

a.  Key  Groundrules  and  Assumptions 

i.  Are  they  still  valid? 

ii.  Should  they  be  valid? 

iii.  Are  there  any  missing? 

b.  System  Drivers 

i.  How  do  they  drive  the  system? 

ii.  Should  they  drive  the  system? 

iii.  Why  do  they  drive  the  system? 
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c.  Lessons  Learned 

i.  What  should  be  done? 

ii.  What  shouldn't  be  done? 

d.  Key  or  Enabling  Technologies 

I.  What  areas  need  to  be  developed? 

Recommend  a strategy  for  defining  the  upper  stage  or  family  of  upper  stages  for  the 
planned  NLS  vehicles  (20K,  50K,  and  evolution  options)  to  perform  DoD  and  NASA 
missions  including  manned  Lunar  missions. 

(2)  Develop  for  an  NLS  Upper  Stage  program  that  supports  the  needs  and  requirements  of 
NASA  and  the  DoD,  including  system  definition  and  an  implementation  plan.  Based  on 
the  current  NLS  plan  of  having  an  upper  stage  on  the  20K  and  50K  launch  vehicles  in  the 
2004  timeframe,  the  contractor  will: 

a.  Identify  what  the  upper  stages  for  the  NLS  vehicles  are  likely  to  be. 

b.  Identify  what  the  NLS  upper  stages  need  to  be  for  NASA's  purposes. 

c.  Identify  if  there  is  a modular  approach  which  gives  us  a family  of  upper 
stages  and  vehicles  (20K,  50K,  evolving  to  support  Lunar  missions). 

d.  Understand  and  identify  what  needs  to  be  done  for  NLS  to  support 
NASA's  needs. 

(3)  The  contractor  shall  perform  special  task  studies  and  analyses,  as  directed  by  the  COTR, 
to  support  NASA  and  MSFC  in  the: 

a.  Definition  of  the  upper  stage(s)  for  NLS  and  existing  vehicles  to  perform  NASA 
missions  including  Lunar  missions 

b.  Conduct  of  other  Transportation  Vehicle  related  activities. 

Deliverables 

Results  will  be  presented  in  viewgraph  and  facing  page  format  at  reviews  as  required,  including 
MSFC's  March  1992  and  June  1992  Space  Transportation  Week.  Final  documentation  will 
consist  of  hard  copies  of  the  final  presentation. 

2.5  TD10,  Propulsion  Avionics  Module  Study 

Purpose 

The  contractor  shall  support  the  MSFC  Upper  Stages  Group  through  the  assessment  and 
development  of  a strategy  for  the  planning,  definition,  and  implementation  of  a propulsion 
avionics  (PA)  module.  This  willl  be  done  by  defining  the  PA  module  requirements  based  on 
planned  and  future  mission  needs  and  launch  vehicle  capabilities  to  develop  a conceptual 
definition(s)  of  the  PA  module(s)  for  a family  of  evolvable  upper  stages. 

Defined  Tasks 

The  contractor  shall: 

(1)  Identify  the  groundrules  and  assumptions  for  this  study  and  obtain  MSFC  agreement  with 

them.  ..  

(2)  Based  on  the  CNDB91,  the  National  Mission  Model,  the  ETO  Options,  an  SEI 
Architecture,  and  any  updates  to  these  define  a PA  module(s)  requirements  for  the 
following  areas: 
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- Evolution 

- Growth 

- Commonality 

- Duration 

- Missions 

- Subsystems 

- Technology 

(3)  Define  concepts  and  conduct  analyses  and  evaluations  of  a broad  range  of  candidate  PA 
module  designs.  Concept  definition  is  to  include  the  following: 

- Function 

- Elements 

- Interfaces 

(4)  For  the  recommended  configurations(s)  define  the  following: 

- Operational  Model 

- Engineering  Model 

(5)  Define  the  programmatics  for  the  selected  PA  module  configuration(s): 

- Program  Schedule 

- DDT&E 

- Funding  Profile 

(6)  Identify  the  operations  involved  in  the  following  areas: 

Scenario  Commonality 

- Flight 

- Ground 

- Space 

Deliverables 

The  set  of  groundrules  and  assumptions  and  the  set  of  PA  module  requirements  which  were 
agreed  to  by  MSFC  and  used  for  this  study.  For  each  configuration  the  following  information 
will  be  provided: 

- Dimensioned  drawings  of  the  configuration 
Launch  vehicle  interfaces 

- Mission/Requirements 

- Programmatics  (Schedule,  Cost,  DDT&E) 

- Operations  (Ground,  Flight,  Space) 

- Analysis  Results  (Databases) 

This  information  is  to  be  included  in  a final  report  which  will  consist  of  hard  copies  of  the  final 
presentation. 

2.6  TD11,  Cryogenic  Lander  Study  (FLO) 

Purpose 

The  contractor  shall  support  the  MSFC  Upper  Stages  Group  through  the  assessment  and 
development  of  a one  and  a half  stage  lunar  lander  using  cryogenic  propellants.  This  lander  will 
be  based  on  JSC/SEI  requirements  to  the  extent  possible. 
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Defined  Tasks 

The  contractor  shall: 

(1)  Use  groundrules  and  assumptions  as  provided  by  NASA/MSFC  to  identify  configurations 
for  a stage  and  a half  cryogenic  lander. 

(2)  Generate  performance  data  to  allow  to  downselect  to  one  option. 

(3)  For  the  selected  configuration  generate  the  following: 

- 3 view  drawings  of  the  lander  configuration 

- mass  properties  of  the  vehicle 

- mission  profile 

- any  performance  deltas  due  to  change  in  engine  number  (baseline  is  4 RL-10  A3s 
or  RL10-A4s) 

(4)  Additional  work  as  directed  by  the  COTR  that  is  within  the  timeframe  and  scope  of  this 
task  directive. 

Deliveralbes 

For  each  final  configuration  the  following  information  will  be  provided: 

- Dimensioned  drawings  of  the  configuration 

- Mass  properties 

- Mission  Profiles 

- Benefits/drawbacks  of  2-5  engines 

2.7  TD12,  Upper  Stage  Requirements  and  Concepts  Study 

Purpose 

The  contractor  shall  support  the  MSFC  Upper  Stage  Group  in  the  development  of  an  Upper 

Stage  System  that  is  capable  of  meeting  the  needs  of  a changing  space  transportation 

environment.  This  approach  will  strive  toward  providing  a system  that  requires: 

- Shorter  development  times  by  using  existing  hardware,  modular  systems/subsystems,  and 
standard  interfaces  whenever  possible. 

- Streamlined  Operations  supporting  processing,  launching,  and  operating  of  multiple 
Upper  Stage/Launch  Vehicle  configurations. 

- Flexibility  in  mission  support  and  infrastructure  integration  so  that  systems  can  evolve  to 
meet  new  mission  objectives. 

To  meet  these  objectives,  definition  efforts  will  include: 

- Key  design  and  operations  requirements  based  on  the  capabilities  of  existing  and  planned 
launch  vehicles. 

- Indepth  definition  of  the  conceptual  design(s)  to  include  preliminary  mass  statements, 
thermal  analysis,  and  stress  analysis. 

- Integration  of  functional  requirements  and  conceptual  design  into  an  optimized 
operations  concept  which  reduces  mission/payload  unique  ground  processing,  on-site 
vehicle  integration,  and  ground  command  and  control. 
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The  foundation  from  which  this  analysis  is  based,  but  not  constrained,  includes: 

(1)  Upper  Stage  Evolution  Study  (TD09)  Mission  Requirements  (Near  Earth,  Lunar,  and 
Mars) 

(2)  Upper  Stage  Evolution  Study  (TD09)  and  P/A  Module  Study  (TD10)  Groundrules 
and  Assumptions 

(3)  First  Lunar  Outpost  Feasibility  Technical  Support  and  One  and  a Half  Stage  Cryo 
Lunar  Lander  Study  (TD 11) 

(4)  Existing  and  Planned  ELV  characteristics  as  available  from  NASA  and  Industry 

(5)  P/A  Module  Study  (TD10)  Requirements  and  Conceptual  Definition 

(6)  Existing  and  Planned  NASA/Industry  System  and  Subsystem  Test  Bed 
Characteristics  and  Databases 

(7)  STV,  OTV,  USRS,  and  existing  Upper  Stage  performance  and  design  data 
Defined  Tasks 

The  contractor  shall: 

(1)  Develop  a detailed  Study  Task  Plan  that  includes  key  milestones  and  connectivity  to 
future  study  activities. 

(2)  Definition  of  an  Upper  Stage  System  Functional  Profile  to  the  system  and  subsystem 
level.  Ground  and  flight  operation  functions  for  each  mission  will  be  defined  and 
analyzed.  Payload  independence  will  be  determined  with  a goal  to  minimize  payload 
specific  functions  where  possible.  Profile  to  include  detailed  mission  event 
sequencing  and  timelines. 

(3)  Based  on  Upper  Stage  DRMs  and  ETO  capabilities,  conduct  requirements  analysis  to 
define  system  and  subsystems  requirements  for: 

- Performance 

- Operations 

- Interfaces  & Integration 
Programmatics 

- Technology  Availability  and  Development 

Parametric  analysis  will  be  utilized  to  enhance  design  flexibility.  Analysis  will 
provide  identification  of  resolution  to  design  and  operations  drivers. 

(4)  Provide  detailed  conceptual  definition  based  on  system  and  subsystem  functions  and 
requirements.  Definition  to  include: 

System  and  Subsystem  concept  design  and  layouts 
Payload/Launch  Vehicle  Interfaces 
Mass  Properties 

(5)  Develop  and  submit  for  MSFC  authentication  a System  Requirements 
Document/Upper  Stage  System  "A"  Specification. 
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(6)  Conduct  studies  and  analysis  to  define  an  innovative  and  efficient  Upper  Stage 
Operations  concept.  Approach  is  to  be  capable  of  processing,  launching,  and 
operating  multiple  Upper  Stage/Launch  Vehicle  configurations. 

(7)  Develop  detailed  engineering  data  to  Pre-prototype  level.  Package  to  include: 

- S/K  drawings  (system  & subsystem) 

- Hardware  acquisition  recommendations  (shopping  list) 

- Detailed  test/qualification  plan 

- Specialized  Analysis 

- thermal 

- dynamic 

- stress 

- material 

- etc. 

(8)  Perform  special  task  studies  and  analyses,  as  directed  by  the  COTR,  to  support  NASA 
and  MSFC  in  the: 

a)  Definition  of  upper  stages  for  planned  and  existing  launch  vehicles  to  perform 
NASA  missions  including  Near  Earth,  Lunar,  and  Mars  missions. 

b)  Conduct  of  other  Transportation  Vehicle  related  activities. 

Deliverables 

The  contractor  shall  provide: 

Detailed  Study  Plans 

- Initial  and  an  update  near  task  completion 

Identification  of  additional  studies  needed  and  timeframe  needed 

- Functional  Profile/Events  Sequence/Timelines 

- System  Requirements  Document 

- Recommended  System  Concept 

- dimensioned  configuration  drawings/layouts 

- preliminary  interface  document 

- mass  properties 

- Pre-prototype  engineering 

- Programmatics 

- cost 
schedule 
technology 

- Operations  Concept  (Ground,  Launch,  Flight) 

Results  will  be  presented  in  viewgraphs  and  facing  page  format  at  two  reviews,  the  first 
occurring  in  mid  to  late  June  and  the  final  review  occurring  early  in  October.  Final 
documentation  will  consist  of  hard  copies  of  the  final  presentation. 


2.8  TD13,  Phase  II,  Upper  Stage  Requirements  and  Concepts  Study 

Purpose 

Previous  Space  Transportation  Vehicle  (STV)  Contract  activities  addressed  three  areas:  Space 
Exploration  Initiative  (SEI),  Upper  Stages,  and  Technology.  Tasks  defined  in  this  Technical 
Directive  (TD)  build  on  previous  efforts.  Tasks  include  allocating  NASA  requirements  to  the 
TLI/Upper  Stage  subsystem  level,  conducting  studies  to  determine  internal  relationships  and 
operations  concepts,  and  further  investigation  of  Vehicle  Health  Management  (VHM). 
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Defined  Tasks 

Tasks,  in  this  TD,  arc  defined  to  meet  the  needs  of  three  customers.  A requirements  analysis  task 
supports  the  First  Lunar  Outpost  (FLO)  Systems  Engineering  Team.  Upper  Stage  tasks  provide 
support  to  the  MSFC  HLLV  Product  Development  Team  (PDT)  as  well  as  the  FLO  Systems 
Engineering  Team.  And  , in  the  area  of  Technology,  tasks  focus  on  VHM  to  support  the 
intercenter  Integrated  Vehicle  Health  Management  (IVHM)  Team. 

Space  Exploration  Initiative 

1)  The  STV  Contractor  shall  allocate  applicable  FLO  functional  and  performance  requirements 
to  the  TLI/Upper  Stage  conceptual  design.  Also,  the  STV  Contractor  shall  document  Element 
Level  Interface  requirements.  The  FLO  Earth  to  Space  (ETS)  Systems  Engineering  Team  will 
provide  the  system  and  subsystem  requirements.  This  activity  supports  the  FLO  engineering 
design  reviews. 


Upper  Stages  _ 

1)  The  STV  Contractor  shall  conduct  trade  studies  regarding  TLI/Upper  Stage  subsystems  to 
identify  programmatic  and  technical  issues  and  options.  The  STV  Task  Team  shall  document  the 
results  of  these  studies  and  provide  recommendations  to  the  NASA  FLO  ETS  and  HLLV  SEI 
Vehicle  Systems  Development  Team  (SDT)  and  SEI  Engine  Product  Development  Team  (PDT). 

2)  The  STV  Contractor  shall  allocate  requirements,  provided  by  the  NASA  FLO  ETS  and 
HLLV  SEI  Vehicle  Systems  SDT  and  Engine  PDT,  to  the  TLI/Upper  Stage  Concept.  Based  on 
these  requirements,  and  results  of  the  TLI/Upper  Stage  trade  studies,  the  STV  Contractor  shall 
refine  and  further  define  the  TLI/Upper  Stage  conceptual  design.  Conceptual  design  shall 
include,  but  is  not  limited  to: 

• System  and  subsystem  concept  design  and  layouts 

• Payload  and  Launch  Vehicle  Interfaces 

• TLI/Upper  Stage  mass  properties 

3)  The  STV  Contractor  shall  study  innovative  approaches  to  the  Upper  stage  Operations 
Concept.  The  study  shall  focus  on  programmatic  and  technical  benefits  derived  from  the  P/A 
Module  (TD10)  when  used  in  processing,  launching,  and  operating  multiple  Upper  Stage/Launch 


Vehicle  configurations. 

4)  The  STV  Contractor  shall  perform  special  task  studies  and  analyses,  as  directed  by  the 
COTR,  to  support  NASA  and  MSFC  in  the  (a)  Definition  of  upper  stages  for  planned  and 
existing  launch  vehicles  to  perform  NASA  missions  including  Near  Earth  and  Lunar  missions 
and  (b)  Conduct  of  other  Transportation  Vehicle  related  activities. 


Technology 

1)  Products  from  TD12  included  quad  chart  descriptions  and  supporting  rationale  and 
prioritization  of  near  term  technologies  related  to  Integrated  Vehicle  Health  Management 
(IVHM).The  STV  Contractor  shall  recommend  demonstrations  that  quantify  improved  cost  and 
reliability,  and  performance  gained  through  VHM  technologies.  Recommended  demonstrations 
shall  focus  on  three  target  vehicles:  Titan  III,  FLO  ETS,  and  the  TLI/Upper  Stage  with  early 
emphasis  on  Titan  ID. 

2)  The  NASA  FLO  ETS  and  HLLV  Engineering  Teams  will  provide  functional  and 
performance  requirements.  The  STV  Contractor  shall  analyze  these  requirements  and  extend  the 
VHM  system  conceptual  definition  to  the  subsystem  level. 

Deliverables 

The  contractor  shall  document  the  results  of  the  tasks  in  a bound  set  of  8 1/2"  x 1 1"  charts  with 
facing  page  text.  Deliverables  shall  include,  but  are  not  limited  to: 
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! Fun?tiondF?offle  or  Events  Sequence  or  Timelines  at  the  TLI  suhsystem  level 

• Requirements  Traceability  Documentation  for  allocated  system  and  subsystem 
requirements 

• Dimensioned  configuration  and  layout  drawings 

I FtoSSatic^costs,  schedules,  technologies,  issues,  recommendations 

• Processing* and  Operations  Concepts  for  Ground,  Launch,  and  Flight  mission  phases 

• Interface  Requirements  Documents 

• IVHM  analysis  results,  recommendations,  and  rationale. 

2.9  TD14,  FLO  TLI  Study 

Purpose 

Snace  Transportation  elements  defined  by  Space  Transfer  Vehicle  (STV)  contract  studies  include 
uDDer  stages^ansfer  vehicles,  and  landers.  These  elements  can  accomplish  design  reference 
Eon*(DRMs)  ranging  from  Low  Earth  Orbit  (LEO)  to  interplanetary  exploration.  Common 
S^cSveS^phasizcd  in  these  studies.  A prime  example  of  a comnton  subsystem  ts 
the  Propulsion/Avionics  (P/A)  Module,  defined  under  Technical  Directive  #10,. . 
Module  has  been  applied  to  upper  stages  for  Titan  IV,  National  Launch  System  (NLS)  2, 
and  a Trans  Lunar  Injection  (TLI)  stage.  This  Technical  Directive  defines  a task  for  an 
architectural  analysis  to  provide  the  "big  picture"  of  how  these  conceptual  elements  meet  the 
needs  of  today  and  tomorrow. 

Defined  Tasks 

transfer  vehicle  architectural  analysis  of  mission  and  system 
JwuteS^  layout  a roadmap  that  will  enabler  NASA  to  plan  future  space  transportation 
systems  The  architecture  shall  identify  time  periods,  evolution  capability,  requirements,  cost, 
etc.  It  shall  focus  on  near  term  missions  and  explain  theevolutionpathnecess^  ^°™phsl 
far  term  missions.  The  contractor  shall  assist  Marshall  Space  Right  Center  (MSFC)  in  the 
integration  of  the  upper  stage  architecture  into  the  overall  space  transportation  architecture^ 
Ground  rules  and  assumptions  will  be  determined  in  a Technical  Interchange  Meeting  (TIM) 
between  the  contractor  and  MSFC  representatives. 

ThfcontiSo^shaU  perform  tasks  necessary  to  complete  the  First  Lunar  Outpost  (FLO)  effort. 
This  effort  will  focus  on  the  system  requirements,  interfaces,  functional  flow,  operations, 
programmatics,  and  subsystem  definitions  of  the  TLI  stage. 

^e^contiactor^h^^erform  special  task  studies  and  analyses,  as  directed  by  the  COTR,  to 
support  NASA  and  MSFC.  Studies  will  focus  on  upper  stages  for  planned  and  existing  vehicles 
to  perform  NASA  missions  and  other  transportation  vehicle  related  activities. 

Deliverables 

The  contractor  shall  document  the  results  of  the  tasks  in  a bound  set  of  8 1/2"  x 1 1"  charts  with 
facing  page  text.  Deliverables  shall  include,  but  are  not  limitedto: 

• TLI  Data  Package  for  FLO,  as  defined  by  TD  #12  and  TD  #13  . . 

• Upper  Stage  concepts  and  system  requirements  derived  from  architectural  analysis 
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• PrrJIc^atlCi  rv.0StS’-  sch^uIes>  technologies,  issues,  recommendations  - 
. R^?  g^d  °Peratlons  Concepts  for  Ground,  Launch,  and  Right  mission  phases 

Roadmaps  depicting  upper  stage  systems,  technologies,  and  development  infrastructure 

2.10  TD15,  Fluid  Acquisition  and  Resupply  Experiment  (FARE)  Data 
Analysis  and  Consultation 

Purpose 


Stf1?  o Acquisition  and  Resupply  Experiment  (FARE)  flew  aboard  STS-53  Two  aervlic 
tanks  a flowmeter  display,  accelerometers,  and  video  equipment  comprised  the  experiment  A 
blue  flu  d simulating  propellant  passed  from  a supply  iank  to  a receiving tank 1, 

frardata  a^T  vldeo tapes  and  35  mm  photographs.  This  Technical  Directive  (TO)  defines  tasks 
for  data  analysis  and  consultation  to  the  MSFC  FARE  team.  ' nes  tasks 

Defined  Tasks 

Task  1;  Data  Analysis 

gS^^ffiSSSasSSSa 

betweentest  results  and  analytical  predictions  and  computational  fluid  dynamic  analysis  During 

rearnT10^  fhe  contractor  shall  maintain  communications  with  the  MSFC  FARF^ 

team  for  consultation  and  discussion  of  data  analysis.  C FARE 

Task  2;  Process  Improverr^ 

Deliverables 


Plan  that  defines  the  aPProach  to  accomplishing 
contractor  shall  document  information  SiSfiS TaTkT^dTalk^ in  ffinal  re^^Tte* 

final  report  shall  contain  texts  with  supporting  figures  and  tables.  report.  The 


2.11  TD16,  Upper  Stage  Requirements  and  Architecture  Study 

Purpose 


^equiremems  associated  with  archuectural  elements  and  establishing  rcladonships  between  the 

Defined  Tasks 


Task  1;  Architecture  Assessment 

The  contractor  shall  refine  the  architectures  developed  under  TO  14 
include  upper  stage  configurations,  technologies  and  infrastructures. 


. Architectural  elements 
The  contractor  shall  assess 
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these  architectures  to  determine  options  that  lead  to  cost  effective  upper  stages  and  provide  an 
evolution  path  to  exploration  class  vehicles.  The  contractor  shall  assist  Marshall  Space  Flight 
Center  (MSFC)  in  the  integration  of  the  upper  stage  architecture  into  the  overall  space 
transportation  architecture.  Ground  rules  and  assumptions  will  be  determined  in  a Technical 
Interchange  Meeting  (TIM)  between  the  contractor  and  MSFC  representatives. 

Task  2;  Upper  Stage  Maricet  Analysis 

The  contractor  shall  analysis  the  upper  stage  market  to  determine  the  need  for  upper  stage 
capabilities  and  programmatic  requirements.  This  analysis  includes  an  assessment  of  existing 
upper  stages  and  the  economic  environment.  Results  of  this  assessment  will  enable  the  Space 
Transportation  Exploration  Office  to  define  upper  stage  programs.  In  addition  to  defining 
program  requirements,  the  contractor  shall  define  approaches  for  gaining  advocacy  of  resulting 
upper  stage  programs. 

Task  3;  Requirements  Analysis 

The  contractor  shall  determine  mission  and  system  level  requirements  for  an  Upper  Stage 
Program.  System  requirements  must  support  program  requirements  determined  in  Task  2 and 
provides  parameters  and  constraints  that  the  architectural  elements  in  Task  1 are  defined  against. 
The  contractor  shall  perform  requirements  analysis  which  provide  an  understanding  of  the 
requirements  impact  with  respect  to  performance,  schedule,  cost , technologies,  as  applicable. 
The  requirements  analysis  will  also  serve  to  provide  rationale  for  values  in  the  TRD. 

Task  4;  Special  Studies 

The  contractor  shall  perform  special  task  studies  and  analyses,  as  directed  by  the  COTR,  to 
support  NASA  and  MSFC.  Studies  will  focus  on  upper  stages  for  planned  and  existing  vehicles 
to  perform  NASA  missions  and  other  transportation  vehicle  related  activities. 

Deliverables 

The  contractor  shall  document  the  results  of  the  tasks  in  a bound  set  of  8 1/2”  x 1 1”  charts  with 
facing  page  text.  Deliverables  shall  include,  but  are  not  limited  to: 

• Upper  Stage  Architectures  - Packages  include  a graphic  roadmap  identifying 
configurations,  technologies  and  infrastructures  with  supporting  material  for  each 
element  of  the  architecture.  These  architectures  provide  the  structure  for  the  other 
products  of  this  TD. 

• Upper  Stage  Market  Analysis  - This  deliverable  includes  assessments  of  existing  and 
proposed  upper  stages  in  terms  of  capabilities,  costs,  schedules,  technologies, 
issues,  etc.  This  analysis  must  provide  a basis  for  recommended  programs  that  fulfill 
specific  needs  determined  by  the  market  analysis.  This  analysis  shall  provide 
traceability  to  the  architectures  and  technical  requirements. 

• Technical  Requirements  Document  (TRD)  - Top  level  requirements  document 
accompanied  by  results  of  the  supporting  requirements  analyses  and  sensitivities 
performed  during  the  TD. 

2.12  TD17,  Spacecraft  Technology  Center  Transfer 

Purpose 

The  introduction  of  the  Space  Transfer  Vehicle  (STV)  contract  states:  “This  new  study  will 
attempt  to  utilize  the  emerging  launch  vehicle  definition  and  the  latest  mission  scenarios  to 
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define  a flexible,  high  performance,  cost  effective,  evolutionary  upper  stage  program  for  NASA 
and  the  United  States  and  provide  information  necessary  to  proceed  with  system  definition  and 
planning.”  Previous  technical  directives  (TD)  defined  program  and  performance  requirements 
for  upper  stage  systems.  To  proceed  with  system  definition  and  planning,  MSFC  needs  the 
requirements  in  an  electronic  format  and  a the  necessary  tools  to  analyze,  process,  and  configure 
the  requirements.  This  Technical  Directive  (TD)  defines  work  that  results  in  an  upper  stage 
requirements  analysis  and  management  system. 

Defined  Tasks 

Task  1;  Upper  Stage  Requirements  Database  Implementation 

The  contractor  shall  port  the  essential  upper  stage  system  program  and  performance  requirements 
into  a Systems  Engineering  Data  Base  (SEDB).  The  Upper  Stage  SEDB  shall  provide  the 
capability  to  analyze  the  impact  to  relationships  when  specific  requirements  are  changed.  The 
contractor  shall  supervise  the  installation  of  the  database  on  a MSFC  host  computer  and  provide 
training  to  MSFC  personnel  on  the  use  of  the  database. 

Task  2;  Upper  Stage  Requirements  Analysis  and  Management  System 

The  contractor  shall  develop  a plan  for  the  procurement,  delivery,  installation  of  a requirements 
analysis  and  management  system.  Plans  shall  also  describe  “hands  on”  system  training  of  MSFC 
personnel. 

Task  3;  Special  Tasks 

The  contractor  shall  perform  special  task  studies  and  analyses,  as  directed  by  the  COTR,  to 
support  NASA  and  MSFC.  Studies  will  focus  on  upper  stages  for  planned  and  existing  vehicles 
to  perform  NASA  missions  and  other  transportation  vehicle  related  activities. 

Deliverables 

Deliverables  shall  include,  but  are  not  limited  to: 

• Upper  Stage  Requirements  Database  - A Systems  Engineering  DataBase  containing  Upper 
Stage  System  requirements  developed  under  the  Upper  Stage  Architecture  Study. 

• Upper  Stage  Requirements  Analysis  and  Management  System  - The  contractor  shall  deliver 
the  following  system  components  in  an  electronic  format  compatible  with  the  platform  that  will 
host  the  requirements  analysis  and  management  system.  The  contractor  shall  develop  a 
procurement  plan  that  establishes  procurement  and  delivery  milestones  and  describes  the  support 
necessary  for  system  installation  and  training. 

1.  System  Engineering  Data  Base  (SEDB)  Management  System 

2.  Oracle  for  Sun  SPARC  capable  of  supporting  TBD  users 

3.  An  option  to  upgrade  Oracle  for  an  additional  TBD  users 

4.  RDD100/SD  - one  (1)  copy  (Sun  IPX  workstation) 

5.  RDD100/RE  - one  (1)  copy  (Sun  EPX  workstation) 

6.  RDD  100/D VF  - one(l)  copy  (Sun  IPX  workstation) 

7.  4th  Dimension  for  the  Macintosh  - TBD  copies 

• Installation  and  Training  - A detailed  plan  explaining  procedures  for  installing,  testing,  and 
training  MSFC  personnel  on  the  use  of  the  SEDB  and  associated  software.  The  contractor  shall 
perform  installation,  testing  and  training  functions  in  accordance  with  the  plan. 
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3.0  CONCLUSIONS  AND  SUMMARY 

Cost  analysis  of  existing  launch  systems  has  demonstrated  a need  for  a new  upper  stage  that  will 
increase  America's  competitiveness  in  the  global  launch  services  market.  To  provide  a growth 
path  to  future  exploration  class  STV's,  we  must  develop  near-term  low-cost  upper  stages 
featuring  modularity,  portability,  scalability,  and  evolvability. 

NASA  should  establish  a concurrent  engineering  development  environment  that  leverages 
existing  resources  within  government  and  industry.  The  STV  study  has  developed  concepts  for 
this  concurrent  engineering  development  environment.  Such  an  environment  requires  executive 
level  support  and  financial  commitment  from  all  participants.  With  the  proper  tools  and 
increased  communication,  future  upper  stage  projects  can  decrease  development  costs.  The 
Clinton  administration's  Nil  Initiative  can  provide  the  communication  backbone  necessary  to 
implement  the  network. 

We  can  reduce  avionics  life  cycle  costs  and  systems  operation  costs  through  IVHM  technologies. 
IVHM  development  and  demonstration  programs  should  capture  resulting  data  and  requirements 
in  a data  base  accessible  through  the  concurrent  engineering  development  environment  Also, 
the  development  environment  should  provide  design  tools  that  assist  designers  to  incorporate 
IVHM  technologies  in  upper  stage  designs. 

A team  comprised  of  industry  and  Government  should  develop  an  IME/PA  module.  A module 
combining  the  benefits  of  the  IME  and  P/A  would  provide  a scalable  platform  for  future  upper 
stage  systems.  Through  scalability,  an  IME/PA  module  can  offer  optimized  engine  thrust  for 
each  mission.  In  the  immediate  future,  NASA  could  initiate  a ground  demonstration  program 
that  results  in  three  P/A  module  test  articles  corresponding  to  the  sizes  of  upper  stages  described 
in  this  paper.  These  test  articles  could  function  as  engine  test  stand  fixtures  for  a variety  of 
engine  sizes  and  multiple  engine  configurations. 

These  recommendations  define  a program  that:  (1)  leverages  ongoing  activities  to  establish  a 
new  development  environment,  (2)  develop  technologies  that  benefit  the  entire  life  cycle  of  a 
system,  and  (3)  result  in  a scalable  hardware  platform  that  provides  a growth  path  to  future  upper 
stages. 
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Distributed  Avionics  Testbed  Concept  Development 

• The  Connectivity  Study  Considered  Two  Future  Programs  for 
Concept  Evaluation. 
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Example:  Distributed  Simulation  System 
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Example:  National  Testbed  Connectivity  Diagram 

• Initial  Architecture  for  SDIOs  Systems  Verification  and  Validation. 

• Key  Elements  were  Real  Time  Integration  of  Distributed  Elements 
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PHASE  B:  Design  Definition  (STV  Type  Program) 


MAftTint  tvtxtmerrxx 


PHASE  D:  Validation  and  Verification  (STV  Type  Program) 
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LAN:  Real  Time  Systems  Simulation 
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WAN:  Real  Time  Simulation 
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Observations:  Future  Real-time  Network  Capabilities 
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Multiple  LTS  Concepts  Defined  for  Each  HLLV  Option 


Normalized  Data  Facilitates  Cost  Evaluation 


</> 


r- 

O 

OJ 

OJ 

r- 

o 

cn 

cr 


SS6|Ai  tjUflASOQ 


trj-j.a/£ttr£v  wjl  u xtim 


Cost  Screening  Identifies  Top  Concepts 


Top  LTS  Concepts  for  HLLV  #1  Use  Two  Stage  Lunar 
Transfer  Element 


Ratio  of  Piloted  Flights  to  Cargo  Flights 


P>*§G€CHN€  PA  Git  BLANK  NOT  RL  MED 


Ratio  of  Piloted  Flights  to  Cargo  Flights 


Lowest  Relative  Cost  Concepts  Are  the  Same  for 
HLLV  #2 , #3,  and  #4 


Af/l/?rA/V  Af/l/7/£Tr>1 


Low  Cost  LTS  Options  Identified 


tvtxx  /?  r//V  Af/I  F*IE  T*7VI 


Dual  Crew  Cab/Single  Stage  Lander  Concepts  Recommended  ^ r, 
for  Further  Study 


/vr/i  p x-//v  /vr/i  /?/£■  rr/i 


< 


w 


o 

<n 


«>  s 

o *2 

c 7 

© T- 

fi.h- 
(/)  CT) 

£ CO 

o o 
ffl  S3 1 


tvrxx  /?  r//v  zkr/i/7/frr/i 


c 

3 

+* 

O 

DO 


o 

o 

CO 

t 

3 

0) 

m 

c 

o 

o 

M 

0) 

Q 


c 

O 

£ 

o> 

c/> 

a> 

co 

co 

< 


o 
■a 
co 

H 

.£  o 

,S2  © *3 
= o $5 

S c S. 

m go 

o£.* 

^ Q.  DC 

.O 

O • • 

O 

< 


CO  ■- 


£'•§■»■»  JO  § o 

_J  3-  0J  • • • • 


CD  © 

SlCOQ 

'5  • • • 
a) 

Q 


co 

E 

E 

3 

CO 


w 


Aerobrake  vs  Ballistic  Performance  Comparison 

• 25  ft  Payload  Diameter  & No  On  Orbit  Servicing 
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25  ft  Dia.  Brake  Surface  Temperature  Sensitivities  Prove  Too 
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Ballistic  Config.  Reduces  Interfaces  & Space  Ops 
Two  Stage  Transfer 
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Configurations 
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Cost  Analysis  Groundrules  and  Assumptions 
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DOE  Results  will  Provide  Sensitivity  Curves  Which  Can  Be  Used  For 
Further  Analysis 
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Net  Reduction  in  Stage  Length  is  7 Feet.  Note  that  this  Considers  a Longer 
Barrel  Section,  and  a Shorter  Engine  which  Includes  the  Trust  Cone. 
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TLI  Performance  vs  Pc:  Results 
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Pro  - More  Positive  Start,  Component  Interdependence  is  Reduced  Somewhat 
Con  - Many  Combustion  Devices,  Very  Many  Lines  of  High  Pressure  Plumbing 


Staged  Combustion  Cycle  - Pros/Cons  Relative  to  IME 
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Thrust  Vector  Control  - Roll  Control 

• Approach:  Swiveled  Nozzle  on  Gas  Generator  Exhaust 


- 2 Nozzles  Swiveled  to  Same  90°  Positions  Provide  0.21°  of  Pitch  or  Yaw  TVC 
(Titan  flight  Data  Indicates  Most  TVC  Deflections  are  Less  Than  0.2°) 
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Insulation  Configuration  Candidates 
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Insulation  Solution  2 - NASP  System 

• A Proposed  NASP  Insulation  System  Was  Evaluated  for  This  Application.  It  is  Capable 
of  Withstanding  Very  High  Temperatures,  but  is  Not  Designed  for  Long  Term  Cryogenic 
Storage.  It  Also  Must  Deal  with  Atmospheric  Presence,  and  Cannot  Make  Full  Use  of 
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Insulation  Summary 

• Insulation  System  Characteristics 
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Lunar  Lander  IME  Thrust  Level  Selection 
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Use  Engine  Configurations  that  Provide  Minimum  Impingement  Pressure  (IME  Engines) 
- IME  Configurations  Appear  to  Have  a Significant  Advantage  in  Reducing  Lunar  Debris, 
Due  to  their  Much  Lower  Engine  Exhaust  Plume  Impingement  Pressure 
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Results  Of  Engine  Data  Study  

Propulsion-Related  Flight  Failures  Were  Studied  for  the  Period 
Between  1966  and  1987. 
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Techniques  Needed  to  Increase  Confidence  in  Predicted  Reliability 
Results. 
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1ME  Reliability  Design  Recommendations 
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Potential  Reliability  Derived  IME  Benefits 
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• Develop  Better  Understanding  of  Reliability  Drivers 
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Reliability  Drivers 

Reliability  Calculations  Based  Upon  Core  Statistical  Equations  and 
Reliability  Drivers 
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Level  of  Implementation  and  Techniques  Affect  Reliability  Performance 
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Quantities  will  Have  Inherently  Higher  Reliability 
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Reliability  Conclusions  and  Recommendations 

The  Ability  to  Cross-Strap  Engine  Components  is  the  Prime  Inherent 
Reliability  Benefit  of  the  Integrated  Modular  Engine 


• IME  Offers  Opportunity  to  Implement  Thrust  Vector  Control  without 
the  use  of  Hydraulics,  EMAs,  etc. 
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Agenda 

• Introduction  and  General  Overview  M.  Wakefield 
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FLO  TLI  Stage  Requirements  Definition 


Operations  Analysis 


Define  Top  Level  FLO  Functions 
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Define  Top  Level  FLO  Functions  (coni) 
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FLO  TLI  Stage  Functional  Decomposition 
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FLO  TLI  Stage  Functional  Decomposition 

Functional  Flow  Format  Guidelines  (continued) 
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FLO  TLI  Stage  Functional  Allocation 

~ MSFC 

• Initial  Allocation  of  Functions  Performed  After  Decomposition 

• Evaluate  Allocation  After  Performance  Requirements  Have  Been  Derived 
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Identify  External  Interface  Elements  & Types 
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Foreword 


„ rcp0n  prese"ls  lhe  rcsults  °f  “ analysis  of  the  data  from  the  first  flight  of  the 

Tech  C?“S,tl0n  *nd  Resuppl>'  (FARE).  The  effon  was  performed  as 

Technical  Directive  15  for  contract  NAS8-37856.  under  the  direction  of  the  principal 

JEST-  ***,  ?f  ? NASA  M— " Flight  Center,  Alabama^* 

FARE  project  was  managed  by  Sam  Dominick  of  Mariin  Marietta.  It  is  only  fair  to 

“""butions  of  Ae  STS-53  crew  whoperfomted  die  tests,  in  particular 
Kich  Clifford,  Jim  Voss  and  Guy  Buford.  V 
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I.  Introduction 


investigating  the  zercvg  namfer  and  expulsion  of  liquids  front  a subscale 

m“rrr^.7o^ 

acauisition  device  during  tank  expulsion  and  refill. 

! !Lonstra,e  the  low  gravity  venting  of  a tank  while  filling,  makutg  use  of  Ute 
capillary  liquid  orientation  and  controlling  the  inflow  momentum. 

. LZtsLe  the  static  behavior  of  the  liquid  under  ambient  low  gravity  condmons 
and  its  dynamic  behavior  with  specifically  applied  accelerations. 

Thc  experiment  consisted  of  two  modules  that  mounted  in  place  of  four  lockers  in  the 
. . . . f ju.  orbiter  (Figure  1>.  The  lower  module  had  the  supply  tank,  which  us 
elastomeric  diaphragm  for  expulsion.  The  tests  began  with  the  supply  tank 
filled  and  some  additional  liquid  stored  in  the  calibrated  cylinder  mounted  on  die  font  of 

The  upper  module  had  the  receiver  tank,  which  was  the  pnmtny  uttered nrn  ihe 
testine  The  receiver  tank  had  a four  channel,  total  communtcadon,  surface  tensiontype 
expulsion  device,  and  a fill  nozzle  and  baffle  as  a means  of  filling  die  tank.  The  tankswerc 
interconnected  for  transfer,  pressurization,  and  venting.  A pressurization  sysl'“Pro 
regulated  air  at  10  psig  from  a 2000  psig  source.  A port  allowed  the  modules  to  be 
connected  to  the  orbiter  waste  management  system,  serving  as  an  »v“boardv“lts  per  a 
Functioning  of  the  experiment  was  achieved  wid.  valves  T^r 

procedure.  Figure  2 is  a plumbing  schematic.  Each  test  consisted  of  filling  the  receiver 

tank  from  the  supply  tank  and  then  reversing  the  flow  to  expel  the  receiver  tank. 

Also  included  in  the  modules  was  an  orbiter  powered  back-lighting  system  for  the 
receiver  tank,  a flow  meter  to  accurately  determine  the  flow  from  the  supply  tank  to  die 
ZZ  tank!  and  a NAS  A provided  acceleration  measuring  and  ^ 
was  collected  primarily  by  two  video  cameras,  one  anned  at  the  upper  half  of ^he reee, 
tank  and  one  aimed  at  the  lower  half.  Crew  comments  were  recorded  along  with nhevtto 
and  were  annotated  on  the  test  procedure.  35mm  still  photos  supplemented  the  video  data. 
Further  description  of  the  experiment  can  be  found  in  reference  1. 
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UPPER  MODULE 


Figure  2.  Plumbing  schematic 


II.  Test  Description 


The  following  description  of  the  FARE  I tests  was  derived  from  the  video  data, 

including  comments  on  the  sound  track,  still  photos  and  annotations  on  the  test  procedure. 
Table  1 is  the  test  matrix. 

Test  1 -Evacuated  fill  at  1.2  gpm 

There  was  a small  quantity  of  liquid  initially  in  the  receiver  tank,  that  could  not  be 

emptied  following  the  functional  tests  perfomed  prior  to  installation  in  the  orbiter  With 

the  orbital  vertical  for  launch,  this  residual  was  oriented  to  what  is  called  the  6ont  of  the 

tank.  At  the  beginning  of  test  1 it  could  be  seen  in  the  gap  between  the  channel  and  tank 

wall  only  in  the  vicinity  of  the  tank  girth.  Hie  initial  reading  on  the  air  bottle  pressure  gage 

was  1950  psi  which  closely  matched  the  initial  load  of  2000  psi,  measured  with  a precision 
gage.  r 


After  evacuating  the  receiver  tank  for  30  to  40  minutes  the  pressure  could  never  be 
reduced  to  less  than  -28  in.  Hg.  The  test  conditions  were  14.8  psia  (30. 1 in.  Hg)  cabin 
pressure  and  a liquid  temperature  of  76.5  °F.  At  this  temperature  the  saturation  pressure  of 
water  is  0.46  ps.  or  0.93  in.  Hg.  Since  there  was  water  in  die  receiver  tank,  tire  lowest 
unk  could  be  evacuated,  unless  it  was  completely  diyed,  would  be 
W,th  Ihe  ground  s“PP°n  equipment,  including  a vacuum  pump,  it  typically 
“?‘f  ° 20  ™"ntts  10  evacuare  «*  receiver  tank  to  around  -29  in.  Hg.  The  difference  is 
attributed  to  either  a greater  How  resistance  in  the  orbiter  overboarf  system  or  a small  leak 
ownstream  o the  FARE  modules.  This  same  behavior  was  noted  for  the  first  flight  of 
s hardware  m 1985.  A specific  pressure  did  not  need  to  be  reached  during  evacuation, 
but  tire  lower  the  pressure  in  the  receiver  tank  the  greater  the  volume  of  water  vapor  that 
would  be  generated.  The  key  is  the  purging  of  non-condensible  gases  (air)  from  the 
receiver  before  filling  begins.  The  gas  bubbles  remaining  after  fill  show  how  much  air 
renamed  ui  the  tank  after  evacuation.  After  noting  ihe  excessive  time  required  for 
evacuating  the  tank,  the  crew  requested  guidance.  They  were  instructed  to  vent  until  no 
further  pressure  reduction  was  observed,  and  then  to  continue  the  test. 

During  fill,  liquid  entered  ihe  receiver  lank  through  ihe  channels  of  the  screen  device 
Due  to  the  low  pressure  some  vaporization  of  the  liquid  occulted  as  il  entered  tom  the  ' 
supply  tank  (at  10  psia)  and  some  of  the  air  dissolved  in  the  water  evolved.  This  vapor  and 
air  created  a foamy  fluid  that  could  be  observed  leaving  the  channels  and  coveting  the  walls 
the  receiver  tank.  The  effect  of  the  waring  agent  in  the  water  was  to  make  the  bubbles 
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Table  l.Test  matrix 


Table  1.  Test  Matrix 


8 


produced  by  these  gases  persist,  inhibiting  their  coalescence.  The  filling  continued  from 
e wall  inward  until  it  appeared  that  the  tank  was  filled  with  the  bubbly  mixture.  When  the 
tank  was  nearly  full  the  flow  rate  began  to  slow  and  the  tank  pressure  rose.  At  this  time  the 
vapor  bubbles  condensed  and  some  of  the  air  redissolved,  so  the  liquid  dramatically 
cleared.  It  took  20  seconds  for  complete  collapse  of  the  small  bubbles  after  reaching  full 
pressure.  One  larger  bubble  (maybe  2 inches  in  diameter)  and  about  9 smaller  bubbles 
could  be  seen  in  the  receiver  tank  at  the  end  of  fill.  The  crew  estimated  the  fill  at  98%. 

IsSLl  - Expulsion  to  gas  ingestion  at  1.2  gpm 

The  supply  tank  was  evacuated  to  -28  in.  Hg  for  the  expulsion  of  the  receiver  tank  It 
appeared  that  the  time  required  to  evacuate  the  supply  tank  was  about  the  same  as  the 
receiver  tank,  but  a detailed  comparison  was  not  possible  without  a plot  of  tank  pressure 
versus  time.  The  crew  observed  a soapy  mixture  in  the  sight  glass  when  expulsion  was 
initiated,  but  allowed  outflow  to  continue.  Some  air  must  have  been  entrapped  within  the 
channels  when  the  receiver  tank  was  filled  and  was  not  evacuated. 


When  expulsion  began,  the  pressurant  entering  the  liquid  surrounding  the 
pressurization  port  at  the  top  of  the  receiver  tank,  caused  bubbles  to  form.  Again,  due  to 
die  wetting  agent,  the  bubbles  persisted,  so  the  tank  filled  with  bubbles  from  the  top 
downward  Coalescence  of  the  bubbles  continued  throughout  the  expulsion,  but  not  at  a 

, -rtT;0  ClCar  *!  KqUld'  11  WaS  n0t  Until  gaS  inSestion  had  teen  detected  in  the 
ght  glass  and  flow  stopped,  that  the  coalescence  was  complete.  The  continued 

thC  flow  was  continuing  after  it  had  been  stopped.  Upon 

and  then  rtf  ’ m0St  °f  Ac  Uqmd  was  in  **  m between  the  channels  and  the  tank  wall, 
and  then  the  gap  began  to  empty.  Gas  ingestion  occurs  when  the  the  flow  area  of  the  liquid 

bip  press^ iosses  °f  no*  *-  * “ «»*  — 

Z * * , ' When  8“  occurred  che  channel  gaps,  visible  from  the 

from  of  the  tank,  looked  completely  empty.  Wicldng  of  the  residual  liquid  and  the 
complenon  of  the  bubble  coalescence  resulted  in  some  refill  of  the  channel  gap  after  flow 

gan  ^ “T1”’  reS‘d“i‘1  Hquid  ^ obseived  in  the  channel 

gap  at  the  tank  gmh,  and  at  the  top  and  bottom  of  the  tank.  Since  the  channel  gap  for  the 

^TtouT*  Tu  baCk  Side  °f  the  “ll  C0uld  not  condition  remained 

nknown  throughout  all  the  tests.  The  crew  recorded  an  estimated  residual  of  1 % in  the 

™ ^ SUPP'y  wasrccorded  25  Wns  9S%  full,  with  a few  bubbles 

Those  bubbles  were  entrapped  in  the  channels  of  the  screen  device  during  receiver  tank  fill 
as  a consequence  of  not  completely  evacuating  the  receiver  tank  before  fill 


9 


Test  2 -Evacuated  fill  at  1.2  gpm 


The  conditions  for  this  evacuated  fill  were  the  same  as  test  1.  This  time  the  receiver 
tank  was  evacuated  to  -27.5  in.  Hg  and  the  fill  appeared  similar  to  test  1.  However  the 
liquid  did  not  clear  of  small  bubbles  when  pressurized  as  before.  Somehow  the  liquid  must 
have  been  filled  with  small  air  bubbles  during  flow,  that  were  not  absorbed  into  the  liquid. 
During  the  preparations  for  the  expulsion  some  coalescence  of  the  small  bubbles  into  the 
larger  bubbles  was  apparent  An  orbital  maneuvering  system  bum  was  also  performed 
during  this  period,  which  oriented  all  the  gas  bubbles  toward  the  back  of  the  tank.  After 
this  event  the  liquid  was  clear  and  the  gas  had  coalesced  into  a single  bubble.  The  crew 
estimated  the  fill  as  99%. 

Test  2 - Expulsion  to  gas  ingestion  with  pulsed  flow  at  12  gpm 


The  initial  expulsion  was  the  same  as  test  1 . As  the  expulsion  proceeded,  small 
bubbles  could  be  observed  rising  from  the  tank  girth  within  the  channel  to  tank  gap.  These 
bubbles  must  have  entered  the  gap  at  the  girth,  out  of  sight  behind  the  flange,  and  then 
capillary  pumping  due  to  an  increasing  gap  width  caused  their  rise.  Flow  was  to  be 
stopped  when  5%  was  remaining,  but  the  crew  estimated  it  may  have  been  10%.  Outflow 
was  resumed  by  opening  and  closing  the  toggle  valve  with  one  second  intervals  until  gas 
ingestion  was  detected.  It  required  1 8 pulses  to  reach  ingestion.  When  the  pulsed  flow 
began,  the  gas  bubbles  were  still  coalescing  and  did  not  cease  until  after  gas  ingestion. 
When  gas  ingestion  occurred  the  channel-to-tank  wall  gap  was  almost  empty  but  it  filled 
with  the  residual  liquid  after  flow  was  stopped.  A few  bubbles  were  left  entrapped  in  the 
channel  gap.  Compared  to  test  1 , the  pulsed  flow  increased  the  residual.  The  crew 
estimated  a 3%  residual.  The  supply  tank  was  recorded  as  being  97  to  98%  full  and  a still 
photo  of  the  supply  tank  showed  a bubble  corresponding  to  that  fill.  Gas  that  became 
entrapped  in  the  channels  could  be  transferred  back  and  forth  between  the  supply  and 
receiver  tanks. 

Test  3 - Evacuated  fill  at  1 .2  gpm 

For  this  fill  the  receiver  tank  was  evacuated  to  -27.2  in.  Hg  and  the  fill  looked  the  same 
as  tests  1 and  2.  At  the  end  of  the  fill  the  crew  recorded  that  there  were  3 large  bubbles, 
about  2 inches  in  diameter,  and  many  smaller  bubbles  from  0. 1 to  0.5  inches  in  diameter. 
Most  of  those  bubbles  were  visible  in  the  video.  The  fill  was  estimated  as  96%  by  the 
crew.  The  higher  evacuation  pressure  and  shorter  evacuation  time  contributed  to  this  larger 

gas  volume. 
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Test_l  - Expulsion  to  gas  ingestion  at  1 .2  gpm 


While  the  supply  tank  was  being  evacuated  the  bubble  motion  produced  by  the 
operation  of  an  exercise  machine  could  be  observed.  The  machine  had  an  audible  inertia 
reel  and  the  acceleration  produced  was  of  a sinusoidal  nature.  With  each  extension  of  the 
machine  the  bubbles  would  shift  about  one  quarter  of  an  inch  and  on  retraction  they  would 
return  to  their  original  position.  Over  a period  of  time  there  was  a gradual  drift  of  the 
bubbles. 


Just  before  gas  ingestion  the  gap  between  the  channels  and  the  tank  wall  emptied  but  it 
refilled  after  the  flow  was  stopped  and  the  bubble  coalescence  ceased.  The  crew  estimated 
the  residual  as  5%  and  recorded  that  only  three  bubbles  in  the  channel  gap  could  be  seen 
Some  liquid  could  be  seen  around  the  baffle  supports.  The  supply  tank  was  recorded  as 
berng  100%  full,  with  no  bubbles.  The  bubbles  present  in  the  previous  tests  could  be 
observed  being  purged  through  the  screen  as  the  receiver  tank  began  to  fill. 

lest  4 - Evacuated  fill  at  0.7  gpm 

Test  4 was  not  run  in  sequence.  Test  5 followed  test  3 and  test  4 was  run  after  test  8 
Therefore  the  final  conditions  of  test  8 became  the  initial  conditions  for  test  4 and  the  same 
for  tests  3 and  5.  This  change  in  order  should  not  have  had  any  effect  on  the  test  results 
but  it  needs  to  be  remembered  in  evaluating  the  changes  in  liquid  volume  recorded  by  the 


The  receiver  tank  was  evacuated  to  -27.2  in.  Hg.  A fill  to  99%  was  estimated  by  the 
CTew.  This  time  the  liquid  did  clear  when  the  tank  reached  full  pressure.  One  larger  and 
three  smaller  bubbles  could  be  seen.  Otherwise  this  fill  appeared  the  same  as  prior  fills 
even  though  it  was  performed  at  a lower  flow  rate. 

IeSL4  - Expulsion  to  gas  ingestion  with  accelerations  at  1.2  gpm 

This  expulsion  was  performed  in  three  stages:  expel  from  initial  fill  to  50%  fill  where  a 
series  of  accelerations  were  applied;  to  5%  where  some  more  accelerations  were  applied; 
and  a final  expulsion  to  gas  ingestion  in  conjunction  with  an  adverse  axial  acceleration.  It 

IO  eStimate  when  *e  50%  level  was  reached  during  the  first  expulsion  due  to 
e bubbly  liquid.  Estimates  based  on  the  flow  rate  and  time,  and  visual  estimates  possible 

after  coalescence  was  complete  gave  a 50%  fill. 
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At  50%  fill  there  was  a series  of  27  distinct  accelerations  applied  to  the  tank.  Three  of 
these  were  the  planned  -Y  (liquid  moved  right  as  view  tank  from  front),  +Y  (liquid  moved 
left)  and  +Z  (liquid  moved  to  top  of  tank)  accelerations,  while  the  others  were  produced 
when  the  orbiter  was  returned  to  its  proper  attitude  following  each  of  the  above 
accelerations.  One  minute  of  free  drift  was  allowed  for  previous  disturbances  to  damp,  the 
planned  acceleration  was  applied  and  then  there  was  another  minute  of  free  drift  to  observe 
the  liquid  response.  The  period  between  accelerations  was  long  enough  in  17  cases  to  allow 
most  of  the  liquid  motion  to  damp,  but  in  the  other  cases  the  accelerations  follow  one 
another  in  a rapid  sequence.  All  of  the  accelerations  were  produced  with  the  larger  primary 
thrusters,  so  significant  liquid  motion  resulted.  Even  so,  there  was  no  breakup  of  the 
liquid  due  to  the  accelerations.  In  some  cases  the  folding  over  the  the  surface  produced 
some  larger  bubbles,  but  no  spray  or  gas  entrainment  was  observed.  The  liquid  motion  at 
50%  fill  was  characterized  by  bulk  motion  of  the  liquid,  including  swirl  and  a single, 
geyser  like,  instability  rising  ftom  the  surface.  In  some  cases  the  instability  passed  across 
the  center  of  the  ullage  bubble  to  impact  the  opposite  side.  The  instability  is  known  as  a 
Rayleigh-Taylor  instability  (Ref.  2 and  a more  recent  Ref.  3),  with  the  number  of  such 
instabilities  forming  on  a surface  being  a function  of  the  relative  magnitude  of  acceleration 
and  surface  tension  forces.  The  liquid  motion  damped  in  a short  time,  requiring  from  15  to 
20  seconds  for  die  bulk  motion  to  cease  and  some  additional  time  for  the  ullage  bubble  to 
reach  a final  static  orientation.  This  final  adjustment  was  most  noticeable  at  die  top  of  the 
tank.  After  the  bulk  motion  ceased  the  quantity  of  liquid  at  the  top  of  the  tank  significantly 
decreased  as  the  final  ullage  bubble  orientation  was  achieved.  At  the  50%  fill  volume  the 
baffle  still  influenced  the  bubble  position,  causing  most  of  the  liquid  to  orient  at  the  tank 

bottom. 

When  the  first  acceleration  was  applied  at  50%  fill  there  had  been  some  coalescence  of 
the  smaller  bubbles,  but  it  was  not  complete.  The  first  few  accelerations  increased  the 
coalescence  rate  and  after  the  first  ten  acceleration  events  most  of  the  small  bubbles  were 

gone. 

Expulsion  was  resumed  to  reduce  the  fill  to  5%.  Some  small  bubbles  formed  at  the 
pressurization  tube  but  they  quickly  coalesced  with  the  ullage  bubble.  The  channel  gap  was 
beginning  to  empty  when  flow  was  stopped.  After  stopping  the  flow  the  channel  gap 
refilled.  Some  liquid  could  be  seen  collected  around  the  baffle. 

There  were  two  planned  acceleration  events  (-Y  and  +Y)  with  one  minute  of  free  drift 
before  and  after.  Including  the  corrections  to  the  orbiter  attitude  there  was  a total  of  17 
acceleration  events,  all  performed  with  the  primary  thrusters.  The  longer  duration 
accelerations  made  the  bulk  liquid  move  to  one  side  of  the  tank.  In  most  cases  the  channel 
gap  on  the  opposite  side  of  the  tank  partly  emptied,  while  the  gap  near  the  bulk  liquid 
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remained  full.  In  less  than  10  seconds  all  the  liquid  motion  had  damped  and  the  channel 
gap  was  completely  refilled.  For  the  shorter  duration  attitude  correction  accelerations  the 
channel  gap  remained  full. 

Expulsion  to  gas  ingestion  was  resumed  3 seconds  after  the  final  +Z  acceleration  was 
applied.  The  liquid  had  moved  to  the  top  of  the  tank  and  the  visible  channel  gap  emptied 
before  gas  ingestion.  The  upper  channels  refilled  about  one-sixth  of  the  way  after  the  flow 
was  stopped.  This  expulsion  was  a worst  case  condition  for  the  screen  device  because  the 
bulk  liquid  was  oriented  at  the  top  of  the  tank,  the  farthest  from  the  outlet,  and  an  adverse 
acceleration  was  acting  during  outflow.  The  crew  noted  that  80%  of  the  liquid  in  the 
channel  gap  had  been  expelled  and  a residual  of  3%  was  estimated.  The  supply  tank  was 
100%  full.  After  outflow  was  stopped  three  more  acceleration  events  occurred  as  the 
orbiter  attitude  was  corrected,  causing  some  shifting  of  the  residual  liquid. 

Test  5 - Evacuated  fill  at  1.2  gpm 

The  receiver  tank  was  evacuated  to  -27.5  in.  Hg.  The  filling  was  stopped  before  the 
receiver  tank  had  reached  full  pressure  so  the  liquid  was  filled  with  numerous  very  small 
bubbles.  One  bubble,  one  to  two  inches  in  diameter,  was  noted.  The  crew  estimated  the 
fill  as  98%.  The  exercise  machine  was  again  in  operation  during  the  fill  and  the  crew  noted 
oscillations  of  the  bubbles,  but  they  are  difficult  to  see  in  the  video. 

l£Sli  - Expulsion  to  5%  at  0.7  gpm 

When  the  receiver  tank  was  pressurized  for  expulsion  the  liquid  cleared,  but  a number 
of  bubbles  were  introduced  at  the  top  of  the  tank  by  the  pressurant  After  the  liquid  cleared 
two  small  bubbles  could  also  be  seen  in  the  lower  half  of  the  tank  and  the  crew  said  that 
there  was  a large  bubble  at  the  back  of  the  tank. 

When  expulsion  started  some  small  bubbles  were  noted  in  the  sight  glass  and  later  in 
the  expulsion  a single  bubble  was  observed  to  be  dancing  in  the  flow  through  the  sight 

glass.  The  flow  was  stopped  when  bubbles  first  began  to  enter  the  channel  gap.  Large 

bubbles  remained  in  the  gap  of  the  channels  in  the  lower  half  of  the  tank.  The  supply  tank 
was  again  completely  full. 

Te$t<>  - Vented  fill  at  0.1  gpm 

For  this  filling  test  the  receiver  tank  pressure  was  reduced  to  0 psi  gage  so  additional 
venting  was  necessary  to  maintain  a constant  flow  rate  during  fill.  For  this  particular  test 
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the  technique  used  by  the  crew  to  control  the  flow  rate  was  to  monitor  the  flowmeter, 
waiting  until  the  flow  rate  was  less  than  0.09  gpm,  and  then  opening  the  receiver  tank  vent 
enough  to  return  to  0.1  gpm.  This  process  was  repeated  throughout  the  test  until  liquid 
free  venting  was  no  longer  possible.  Then,  with  no  further  venting,  fill  was  allowed  to 
continue  until  flow  stopped. 

At  this  flow  rate  the  momentum  force  of  the  inflowing  liquid  was  less  than  the  surface 
tension  force,  so  the  incoming  liquid  collected  about  the  fill  port  in  a stable  manner.  This 
behavior  was  expected  based  on  the  various  regimes  for  the  inflow  into  tanks  in  zero-g  that 
have  been  experimentally  and  analytically  studied,  as  summarized  in  reference  4.  There  was 
a continued,  periodic  oscillation  of  the  liquid  surface  when  filling  began  and  it  continued 
until  die  region  below  the  baffle  had  been  filled.  At  that  point  the  liquid  had  the  form  of  a 
bulge  that  covered  the  baffle  above  the  fill  port.  As  the  tank  continued  to  fill,  liquid  spread 
over  the  tank  wall.  The  baffle  continued  to  influence  the  liquid  orientation,  maintaining 
symmetry  with  respect  to  an  axis  through  the  fill  port  and  the  baffle,  which  was  offset  with 
respect  to  the  screen  channels.  A single  ullage  bubble  was  maintained,  with  no  bubbles 
being  generated  by  the  filling  liquid.  As  the  filling  continued  the  ullage  bubble  approached 
a spherical  shape,  that  fit  within  the  space  between  the  baffle  and  the  opposite  tank  wall, 
and  aligned  with  the  baffle  axis. 

Each  time  the  receiver  tank  vent  was  opened  it  appeared  that  a small  quantity  of  liquid 
was  being  vented  overboard.  These  slugs  of  liquid  could  be  observed  were  the  vent 
passage  penetrated  the  transparent  cap  on  the  tank  and  along  the  transparent  line  from  the 
modules  to  the  orbiter  vent  system.  This  apparent  flow  was  most  likely  bubbling  of  the 
liquid  slugs  produced  as  the  flow  and  pressure  in  the  line  was  varied.  Downstream  of  the 
vent  valve  the  line  remained  open  to  vacuum.  The  quantity  of  liquid  oriented  at  the  top  of 
the  tank  gradually  increased  until  the  first  hole  on  the  vent  tube  was  covered.  When 
venting  was  then  attempted,  liquid  was  continuously  vented  so  filling  continued  with  the 
vent  closed.  The  first  vent  hole  was  1.5  inches  from  the  tank  wall  and  1 inch  from  the 
manifold  of  the  screen  device  to  which  it  was  mounted.  When  the  vent  tube  could  be  seen 
penetrating  the  ullage  bubble  there  was  only  a slight  distortion  of  the  surface  in  the 
immediate  vicinity,  so  the  tube  apparently  did  not  influence  the  positioning  of  the  ullage 
bubble.  It  was  a one-fourth  inch  outside  diameter  tube.  The  vent  tube  was  completely 
submerged  when  filling  stopped.  The  crew  estimated  that  the  tank  was  60%  full.  The 
bubbles  that  were  initially  entrapped  in  the  channel  gap  during  expulsion  remained  fixed 
during  the  fill. 

Since  the  ullage  bubble  was  being  viewed  through  the  liquid  there  was  considerable 
optical  distortion,  making  the  edges  of  the  bubble  difficult  to  discern.  Even  the  crew,  who 
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could  view  the  tank  directly  from  various  angles,  had  trouble  determining  the  location  of 
the  ullage.  Spherical  volumes  can  be  deceptive  when  estimating  their  volumes.  Consider 
that  a 50%  ullage  bubble  in  this  12.5  inch  diameter  tank  is  10  inches  in  diameter. 

After  the  fill  some  vernier  thruster  maneuvers  displaced  the  ullage  bubble  to  the  side  of 
the  tank.  When  the  maneuver  was  complete  the  bubble  returned  to  its  original  position, 
aligned  with  the  baffle  axis.  This  shows  that  the  baffle  was  still  influencing  the  bubble 
orientation. 

Test  6 - Expulsion  to  5%  at  0.7  gpm 

Since  there  was  a large  ullage  bubble,  there  were  far  fewer  bubbles  generated  by  the 
pressurization  during  the  expulsion  and  they  coalesced  quickly.  This  test  provided  one 
opportunity  to  observe  the  production  of  drops  during  the  bubble  coalescence.  This 
phenomena  has  been  studied  on  a much  smaller  scale  in  one-g  (Ref.  5).  When  the  film 
between  a smaller  bubble  that  is  tangent  to  the  ullage  thins  and  bursts  the  bubble  surface  is 
not  in  equilibrium  with  the  adjacent  surface.  As  the  bubble  surface  flattens  a jet  is  formed 
diat  pinches  off  into  a drop  and  leaves  the  surface.  These  drops,  on  the  order  of  0. 1 inches 
in  diameter,  could  be  seen  traveling  across  the  ullage  bubble.  The  drops  could  be  seen  in 
some  of  the  other  tests  as  coalescence  occurred.  The  crew  reported  that  they  could  see 
some  of  the  smaller  drops  bounce  off  the  liquid  surface  after  transversing  the  ullage  bubble. 
The  wetting  agent  that  resides  on  the  liquid  surface  and  oblique  angles  of  impact  could 
account  for  this  phenomena. 

Since  the  bubbles  had  coalesced,  the  bottom  of  the  tank  could  be  observed  much  better 
than  prior  expulsions  as  the  tank  emptied.  Liquid  collected  around  the  baffle  could  be  seen 
to  drain  away  to  keep  the  channel  gap  full.  When  flow  stopped  three  large  bubbles  could 
be  seen  in  the  channel  gap.  The  supply  tank  was  again  100%  full. 

Test  7 - Vented  fill  at  0.2  gpm 

When  fill  started  there  was  some  liquid  oriented  around  the  supports  below  the  baffle. 

A liquid  jet  from  the  fill  port  could  be  seen  to  combine  with  the  liquid  already  around  the 
baffle  to  fill  that  region.  The  jet  did  not  penetrate  the  baffle.  The  undulations  of  the  liquid 
surface  started  as  fill  began  and  continued  throughout  the  test,  diminishing  only  when  the 
flow  began  to  slow.  The  behavior  of  the  liquid  was  similar  to  the  prior  fill,  even  though 
the  flow  was  twice  as  fast.  Again  the  receiver  tank  was  intermittently  vented  to  maintain 
the  flow  until  it  was  observed  that  liquid  was  being  vented  after  the  first  vent  hole  became 
covered.  During  this  fill  the  liquid  was  full  of  small  bubbles,  so  it  became  difficult  to  see 
the  ullage  bubble.  The  liquid  cleared  as  the  pressure  rose  when  the  flow  stopped,  but  it 
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was  still  difficult  to  see  the  bubble  edges.  The  crew  judged  the  final  fill  to  be  70%,  but 
agreed  that  it  was  all  subjective  and  that  it  was  difficult  to  estimate  the  size  of  the  bubble. 
They  said  that  the  bubble  was  about  2 inches  away  from  the  baffle,  which  helped  support 
their  estimate  of  the  volume.  In  general,  they  felt  that  this  fill  was  an  improvement  over  test 
7. 

Test  7 - Expulsion  to  5%  at  0.7  gpm 

The  liquid  cleared  further  and  bubbles  were  introduced  when  the  tank  was  pressurized 
for  expulsion.  There  were  some  maneuvers  performed  before  expulsion  began  which 
produced  some  motion  of  the  ullage  bubble.  As  the  expulsion  proceeded,  most  of  the 
pressurization  was  directly  into  the  ullage  bubble,  so  only  a few  smaller  bubbles  were 
produced.  Some  oscillation  of  the  ullage  surface  was  apparently  due  to  the  coalescence  of 
those  small  bubbles.  The  crew  noted  that  the  back  of  the  tank  cleared  of  the  smaller 
bubbles  before  the  front,  suggesting  that  this  may  be  due  to  the  heat  produced  by  the 
lighting.  In  a thermal  gradient,  the  resulting  gradient  in  the  surface  tension  causes  liquid 
motion  along  the  interface  in  the  direction  of  the  cooler  temperature,  which  fits  the 
observations.  When  the  flow  was  stopped  at  5%,  the  channel  gap  was  left  full,  but  most  of 
the  liquid  had  been  drained  from  the  region  of  the  baffle.  The  supply  tank  remained  100% 
full. 

Test  8 - Vented  fill  at  0.3  gpm 

When  the  inflow  began,  a jet  could  be  distinctly  seen,  impacting  and  covering  the 
bottom  of  the  baffle.  The  region  below  the  baffle  filled  and  the  filling  proceeded  in 
approximately  the  same  manner  as  the  previous  two  vented  fill  tests.  Due  to  the  much 
higher  flow  rate  the  undulations  in  the  surface  were  larger.  The  oscillations  originated  from 
the  baffle  region  and  propagated  over  the  entire  ullage  bubble  surface.  During  this  test  the 
receiver  tank  vent  valve  was  adjusted  so  as  to  match  the  inflow,  so  the  tank  was  almost 
continuously  vented  to  hold  the  flow  rate  constant.  The  crew  thought  that  the  ullage  bubble 
was  not  in  alignment  with  the  baffle  axis,  as  it  was  for  the  prior  tests,  but  shifted  more 
toward  the  screen  device  axis.  Again  the  depth  of  the  liquid  at  the  top  of  the  tank  gradually 
increased  until  the  holes  in  the  vent  tube  began  to  cover  and  only  liquid  could  be  vented. 
The  fill  volume  estimate  was  60%,  there  were  no  other  bubbles  and  the  channel  gap  was 
full. 


3^31  8 - Expulsion  to  gas  ingestion  at  0.7  gpm 


Many  bubbles  were  added  to  the  receiver  tank  when  it  was  pressurized  for  expulsion, 
unng  expulsion,  small  bubbles  were  again  seen  moving  along  the  gap  between  the 
channels  and  the  tank  wall,  from  the  bottom  of  the  tank  to  the  girth  in  this  case.  When  gas 
ingestion  occurred  most  of  the  channel  gap  had  emptied  After  flow  stopped,  liquid  could 
be  seen  draining  from  the  baffle  region  to  partly  refill  the  gap  in  the  lower  dome  of  the  tank. 
No  liquid  could  be  seen  around  the  baffle.  From  the  appearance  of  the  tank  this  was  the 
most  efficient  expulsion,  with  liquid  collected  in  just  a few  places  in  the  channel  gap.  The 
crew  estimated  the  residual  as  1%  and  the  supply  tank  was  100%  full 
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HI.  Surface  Tension  Device  Expulsion 


The  surface  tension  propellant  management  device  in  the  receiver  tank  provtded  aflow 
path  from  the  liquid  within  the  tank,  regardless  of  its  orientation,  to  the  utnk  outlet.  The 
fine  mesh  seteen  on  the  side  of  the  channels  facing  the  tank  wall  allowed  hqtnd  to  entor 
channels  while  excluding  gas.  When  the  pressure  differential  due  to  flow  and  accelerauons 
exceeded  the  capillary  pressure  retention  capabUity  of  the  pores  of  the  screen,  gas  entered 
the  channels.  The  device  was  designed  so  as  to  postpone  gas  ingeshon  unnl  the  quantity  of 
liquid  remaining  in  the  tank  was  very  small. 

The  performance  analysis  of  the  screen  device  established  that  gas-fxec  expulsion 
would  continue  until  only  3 square  inches  of  the  screen  was  in  contact  with  the  hqmd 
outside  the  channels.  Beyond  that  point  the  pressure  drop  due  to  flow  through  die  scree  , 
when  added  to  the  other  flow  and  acceleration  pressure  differentials,  exceeded  the  capillary 
pressure  retention  capabUity  of  the  screen.  It  was  assumed  that  as  soon  as  gas  entered  the 
channels  it  would  immediately  be  seen  in  the  sight  glass,  so  none  of  the  liquid  mside  the 

channels  could  be  expelled;  a conservative  assumption.  The  internal  volume  of  the 

channels  was  2%  of  the  tank  volume.  If  the  channel  to  wall  gap  was  completely  full,  that 
volume  was  1%  of  the  tank  volume.  Therefore  the  best  expulsion  efficiency  predicted  was 
98%  of  the  tank  volume  and  the  worst  that  could  be  expected  would  be  97%,  for  the  case 
where  none  of  the  liquid  in  the  gap  was  expelled. 


Five  tests  were  performed  in  which  the  expulsion  of  the  receiver  tank  was  continued 
until  gas  ingestion  was  observed  with  the  sight  glass  at  the  outlet  of  the  tank.  The  other 
three  expulsions  were  stopped  when  the  liquid  remaining  was  around  5%  of  the  tank 
volume,  which  was  not  a challenge  to  the  capabilities  of  this  device.  Under  the  ambient 
low  gravity  conditions  of  the  orbiter,  it  was  demonstrated  that  the  liquid  collects  around  the 
channels  of  the  surface  tension  device,  keeping  the  channel-to-wall  gap  full.  As  long  as 
that  gap  was  full  the  screen  was  submerged  in  liquid  and  gas  ingestion  was  not  possible,  t 
was  only  as  the  last  few  percent  of  the  tank  volume  was  being  expelled  and  the  screens 
began  to  be  exposed  to  the  ullage  that  gas  ingestion  became  possible.  This  device  was 
designed  for  the  low-gravity  environment  of  the  shuttle  and  for  relatively  high  flow  rates, 
requiring  only  at  few  minutes  to  empty  the  tank.  The  device  was  insensitive  to  the  ambrent 
shuttle  accelerations  around  10-4  g and  could  readily  withstand  reaction  control  thruster 
firings  of  up  to  lO1  g.  How  rates  of  up  to  1.2  gallons  per  minute  were  used,  that  could 

empty  the  tank  in  3.2  minutes. 
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■ T*16  exP“Isio”  ‘®sts  have  already  been  described  in  Section  II  of  this  report  Tests  I 
was  0 7 T ' eXPeUinS  ,hC  ,ank  at,-2EPmi"botli  cases.  In  tes,  8 Mow”, 
,est  2 the. last  5%  of  **  «¥*  was  expelled  with  pulsed  flow  and  for 


test  4 the  last  5%  was  expelled  while  an  adverse  acceleration  was  acting.  No  ingestion  of 

ZZZZZZ  T 1?  “ b“  « G-  ingestion  was  " 

„1! 8^.  rcLeflOW  t"lng ,rep'aC'd  b>' was mostly gas.  The  crew 


stopped  the  outflow  when  gas  bubbles  were  first  noticed  in  the  sight  glass  and  estimated 
die  quantity  of  hqmd  remaining  in  the  tank.  This  estimate  was  only  tLd  on  the  visibfe 
q i an  could  not  include  any  liquid  trapped  inside  the  channels. 

He  calibrated  cylinder,  in  addition  to  providing  additional  liquid  for  the  operation  of 

«xpenment,  was  a means  of  measuring  ti,e  expulsion  efficiency.  By  reporting  the 

yltnder  posmon  at  the  begmning  and  end  of  a test,  when  the  supply  tartt  was  completely 

mceL'S;  ^.Wf  “I  T"®5  gave  Ihe  <*“*  *"  **  "tsidual  volume  in  the  * 
h„hJ  V f lnfllienced  thc  curacy  of  this  measurement  suchas: 

b“‘ th'  mOSt  aCCUraK  evaluadon  w«  obtained  from  the  videoLdVrUl^hoTo" 
Has  ineesrinn  nr™™.,*  .u__  ty„  Vldeo  showed  the  orientation  when 


gas  ingestion  occurred  and  then  there  usually  was  some  remnZTT  7 W 


the 


coal^soTehqrtd  Z w 

conservative  assumption  tiia,  the  lannils  w^  a'  ffah  ““  "*  “P  of  "» tank.  Witii  tite 
efficiency  for  this  tes,  would  be  Cose  to 

There  was  Uquid  collected  witiiin  the  can  a,  the  effiocncy  was  test  1 . 
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The  expulsion  efficiency  was  estimated  to  be  somewhat  '“”p“0fa  ftw^bblM The 
was  identical  to  test  1,  the  channel  gap  was  full  of  hqu d excep 

close  to  97%  for  test  3. 

11  a ♦<->  thp  hubbies  were  allowed  to  coalesce  and  the 

In  test  4 the  tank  was  C*P®  channels  AfoursecondaxialaccelerationofO.Ol  g 

liquid  ^“^^"^^don  had  been  acting  for  3 seconds,  orienting  the  liquid  to 
was  applied  and  after  the  accete  i„„stion  Compared  to  the  other  tests, 

Uk  top  of  the  tank,  expulsion  resumed  until  gas  g _ ^ teid  ^ cha„nels, 

orienting  the  liquid  away  flon Also,  tiie  liquid 

increasing  those  flow losses'  “ ...... , „ and  displacement  of  tiquid  away  from 

orientation  caused  condldons  u,e  residual  fell  between  those  of  tests  1 

'bVTr£J 97  5%  The  increases  in  the  flow  and  hydrostatic  pnessure  differennals 
*nd  3:  * comparison  to  the  pressure  drop  due  to  flow  through  tile  screen,  so 

ZZSL.  area  at  which  gas  ingestion  occurred  did  not  change  appreciably. 

Finally,  test  2 had  larges. 

valvef  ^^u^lw^fflMmmiwwe  ^ssmenansients  Aat  added  to 

valve,  pruuu  While  this  added  effect  can  not  be  quantified,  a 

"due^ol“  obtained.  A,  the  end  of  the  test  the  channel  gap  was 
full,  indicating  an  expulsion  efficiency  of  at  least  97%. 
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IV . Tank  Filling 


evacuated  All  and  a rented W.  Thte^tdaT  '°W‘8ray'ity  eondidons  were  used:  an 
evacuated  to  zero  absolute  pressure  Th  u fdJ  requires  that  the  tank  be  initially 
liquid,  so  the  tank  and  any  acquisition  deuces  "d  **  *“* is  fiUed  with  <>% 

simple  method  of  ensuring  a^nlTw^U  fflHn  ze^^  ^le^;  ™sisafairly 

in  the  tank  could  be  lost  when  the  tank  was  vented.  6 SadV3ntage  IS  1,131  ^ residual 

-en  device  when  filling  was  c^“  ZZZ  - 

successfully  demonstrated  in  all  of  Lsc  fill  tZ  tnd  was 

pressure  during  fill.  For  ^ to  maintain  3 constant 

liquid  away  fiom  the  vent  is  needed  Abafn  SUCCess^u1,  some  means  of  orienting  the 
and  dissipate  the  liquid  momentum  so  that  it  w<3d  ^ -°  SUPPKSS  Ae  inflowing  liquid  jet 
from  the  vent.  *“  “ WOuld  rem3ul  Rented  near  the  inlet  and  away 

used  to  correlate  inflow  t«t  rcalt^  ^ m°mentUm  force  to  Ae  surface  tension  force,  is 


2o 


where 

P = density, 

V = flow  velocity  at  inlet, 
r = inlet  radius,  and 
o = surface  tension. 


For  test  6,  with  an  inflow 

— - *.  ™ o& The  - 
cons,s,£„'  «ilh  prior  drop  rower  tests  (as  sumj  V a J“  f0m""g  ™s  resuIt  is 


Weber  numbers  from  6 .0  180  for  stable  inflow  t^e^umtr 

("%rr^e;LSl  and  hqu.d  collecud  about  to  inlet.  All  three  tests 

was  5.2-  lnejet  unpme  ;nrreasine  flow  rate, 

demonstrated  sable  initial  rnflow  with  increasing 

These  tests  show  Oral  £. TL^base  ills 

the  initial  inflow,  tot  fills  to  abou 1 3» ^ ^ ^ ^ „ excess, ve 
enough  control  the  momentum  o e 8 final  fiUing  of  me  tank,  up  to  the  point  at 

flow  along  the  tank  wall.  The  s“°"^maintailied.  None  of  to  prior  Earth  based  tests 

rrrm— ' ^sT-o-ented^f^-oftoneedforlongtes, 

times. 

■,he  final  ohase  some  means  of  orienting  the  ullage  bubble  at 
For  filling  to  continue  in  th  ' u „uid  to  remain  onented  to  one  e 

the  tank  vent  is  needed.  In  a Sllrface  tension.  When  to  diameter 

of  to  tank  with  some  stabiluy,  unto  to  ^ ^ eonnol  of  its  orientation 

of  the  ullage  bubble  became  less  than  to  was  to  use  the  liquid  momentum 

would  be  lost  For  to  FARErece.ver  tahk tom«  ^ ^ ^ ^ directed  across 

St; ^rropr^^havingrtof.owdhecmdtowardtowan. 

c u refill  the  ullage  bubble  was  tangent  to  the  top 
When  the  receiver  tank  reached  a u channds  on  the  opposite  side  of 

side  of  the  baffle  and  the  inner  surface  of  ^ ^ ^ bafflc,  so  the  filling 

die  tank.  If  the  ullage  bubble  were  too  y to  COver  to  vent  holes  when  the  tank 

occurred  at  to  top  of  the  tank  “ ?^m  me  channel  device  aids,  rather  than 

was  about  70%  full.  The  vent  tube ^^jemd  in  detennining  when  to  port 
the  inflow  port  and  baffle  axis,  w flll  ^ ^ge  had  to  be  onented  to 

would  fust  become  covered.  To  flow  in  ffis,  6,  me  tank  could  be  vented 

the  top  of  to  tank  over  the  vent.  At  the  to  me  minimum  that  can  be  achieved 

until  reaching  an  estimated  60%  fill,  whto  ts  ^ ^ , smalkr  flow  rate 

with  no  means  of  orienting  the  “»a8=  bu“  . ^ f 1 7 rcsuhed  in  an  increase  in 

would  have  improved  to  fill.  "8, The  oew  was  very  emphatic  that 

me  fill  volume  toore  me  " J^^rm^.del  were  d,at  the  tank  couki  have  been 
me  fill  was  bener  than  test  6.  Estimates  tro  bubble  otf  of  to  baffle  and 

as  much  as  80%  full-  The  flow  ac  ollected  at  the  top  of  the  tank  to  finally  prevent 

toward  the  top  of  the  tank>t  ^ rate  for  test  8 resulted  in  a decrease  in  the 


.o r:;t ■ ~ ■ r woum  ^ ^ 

Even  for  this  configuration  and  an  ulb  * nCmatK>n  of  the  uUaSe  bubble  is  known, 
improvement  Beyond  some  fill  volume  b“"  ^ 

“ no,  specifically  defined  would  no  longed  an  Cro“m“  n ' “ 0n'n[ati0n  ‘hat 


V.  Liquid  Slosh 


rtf  th/»  ^fferts  of  accelerations  on  the  behavior  of  the 
Test  4 provided  a rcsults  « described  in  section  IL  In  this 

liquid.  The  applied  accelerations  and  the  test  resuirc 

section  an  analytical  correlation  of  selected  tests  is 
A computational  fluid  dynamics  model. 

Science.  Inc.)  was  used  for  the  a“°“_  ^ was  Signed  with  the  baffle,  since  it 

was  developed  for  the  analyti  m e.  ^ The  channels  of  the  screen  device  were 

had  a significant  effect  on  the  liqui  onf“  15  degrees  This  change  was 

aligned  with  the  same  axis,  rather  than  J ^ shape  could  be 

necessary  to  ^££££££2  were  also  totaled  45  deuces  about 
properly  resolved.  Forthe '***  ^ channel  rather  than  between  two 

their  axis  so  that  the  front  ^ a significant  effect  on  the  liquid  motion, 

channels  as  it  was  in  the  video.  Th  imoortant  The  correlation  concentrated 

« it  was  not  ex«*ct«i  that  ^^n™3Xdfficul,  to  resolve  a,  die  5% 
on  the  tests  perfotmed  with  a 50%  fill.  The  hqut  m ^ values  found  for  the 

HI  level,  so  no  ^ -Y,  and  1.4  *102g  for  +7.  These  accelerations 

they  align  with  die  tank  as  in  the  test.  The  dumflon  of  the 

acceleration  was  4 seconds  in  all  cases. 

successful  correlations  have  used  the  same  approach. 

Photographs  of  the  slosh  tests,  obtained  by  freeing  . ^video £»*«  “ 

Figures  3, 5 and  7.  There  is  a two  second  8.  The 

, ttj  r\W  td  follows  the  corresponding  photos  m F gu  , 

calculated  using  FLOW-3D  . nhntos  The  video  tape  provides  a better 

the  analysis. 

The  Y test  sriU  had  quite  a few  bubbles  in  the  liquid  so  the  comparison  of  the  testand 
can  be  seen  of  the  basic  liquid  motion  and  earn  eq  performed  the  bubbles 


and  returned  10  the  initial  onZltion  Ue^IkulT  ^ ^ the  Wal' 

- 

fte  baffle  The  motion  made  a transition  ,0  flow  al^w^dT  wi,h 

onentanon  within  20  seconds.  8 **  ^ returned  t0  «s  original 

- « « * capillary  fomes.  after 

motion  was  most  obvious.  UqddlSflowt  TT"***  “ «* 

toward  the  bottom,  about  the  baffle  The  haffl  ^ 1^°™  Ae  toP  of  *«  tank  orienting 

liquid  once  the  momentum  was  sufficientl^LZ’ **  0rientation  of  ^ 
vuieo  shows  the  capillary  orientation  continuing  until  amend  ^ "* 

beginning  of  the  test.  The  analytieal  model  predicted  some  ofte  e!^ 
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Figure  6.  FL0W-3D  analysis  (+Y  , 50%  fill) 


I 


VI.  Conclusions 


The  tests  performed  with  this  shuttle  middeck  experiment  were  highly  successML  AH 
the  hardware  functioned  as  requhed  and  all  the  tests  wem  completed  as 
provided  a unique  opportunity  to , forty jLtily  observe  dte 

While  screen  type  propellant  acquisition  devices  have  been  weU  proven  in  a number  of 
flight  applications,  this  opportunity  to  see  the  operation  added  to 
Jv  function  This  device  was  designed,  with  large  margins,  to  operate  tn  the  shu 
ment  It  was  fairly  insensitive  to  the  effects  of  flow,  including  pulses  and 
— - ^"expulsion  efficiency  as  can  be  expected  for  a device  of  tit.  „ 
a^Lre,  was  obtained.  Performance  matching  the  pre-fligh,  predictions  was  obtarned. 

One  of  the  more  interesting  aspects  of  the  expulsion  tests  was  the  behavior  of  the  liquid 
in  the  sap  between  tire  channel  and  dte  rank  wall.  In  all  of  tire 

this  ™ was  almost  empty  when  gas  ingestion  occurred,  as  expected.  When  flow  was 
stopped,  the  gap  refilled  for  most  of  the  tests.  This  result  indicated  that  hqutd  wasting  .. 
wZbawn  from  the  gap  by  the  outflow  at  a faster  rate  than  wicking  of  the  hqutd  from 
elsewhere  in  the  tank  could  refill  tire  gap.  In  some  cases  the  delayed  coalescence  of 
bubbles  further  slowed  this  wicking  process. 

One  test  demonstrated  that  bubbles  that  entered  the  channel  gap  could  remain  m place 
after  tire  rank  was  refilled.  In  tills  case  tile  bubbles  were  pos, honed  * ' *"  ™ 

capillary  driving  pressure  to  displace  them.  In  many  other  cases,  bubbles  that  ente 
"Tex puS,L  were  expeUed  from  tire  gap  as  i,  filled  witi,  liquid!^  al»  noted 
that  small  bubbles  generated  by  pressurization  entered  the  gap  and  wou 
driven  by  capillary  pressure,  to  accumulate  at  one  end  of  the  channel. 

Hus  fluid  behavior  needs  to  be  considered  in  the  design  of  the  channel  gap  if  the 
perfonnance  of  the  device  is  to  be  optimized.  Bubbles  napped  in  cnttcal  ocanon  t cottid 
£duee  the  device  performance/Consideration  should  be  given  to  controlling  the  m«imu 
gap  and  avoiding  changes  in  gap  that  could  result  in  bubble  entrapment. - J f ” 

from  occ  end  of  the  tank  to  the  other  is  one  approach  to  improve  the  fi  g g 

liquid. 

The  evacuated  fill  tests  again  confirmed  the  success  of  this  fill  method.  The  surface 
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resume  “W  “*  " **  «»  fre'  <*  ***  could 

esume.  Ml  was  successful  even  though  the  tank  could  not  be  vented  to  the  vapor 

m ^ , n T ' a“OWi”8  ^ non<°"de”sil>k  8“  •»  remain.  When  applying  this 

conZ!-w  * SyS‘emS  Ih°Ugh'  eVe°'  rff°n  Should  *»■«*«>  '"sure  that  all  non- 
condensible  gases  are  purged  before  filling  the  tank. 

The  vented  tank  fill  was  reasonably  successful,  but  it  did  demonstrate  that  further 
tnvesnganon  of  this  fill  method  is  needed  to  give  sufficient  confidence  to  apply  it  to  flight 
sys  ems.  The  results  for  inidal  filling  phase  of  the  tank  were  consistent  witoprior  tests  i 
an  ysts.  The  success  of  this  phase  of  the  fill  process  can  be  predicted  based  on  a Weber 

^y“:ra,erPlC  C00figmad°"  ~ * «— « - inflow  a, 


Dunng  the  final  filling  of  the  tank  the  ullage  centered  with  respect  to  the  inflow  axis  and 
one  fill  that  approached  80%  was  achieved.  Ftlls  of  at  least  60%  appear  certain  with  this 
tank  configuration,  but  beyond  that  point  the  factors  influencing  the  uUage  orientation  with 
respect  to  the  vent  port  could  not  be  clearly  established.  Nor  did  there  appear  to  be  any 
™,ple  relation  between  the  inflow  rate  and  the  success  of  the  fin.  With  a more  positive 
remans  of  orienting  the  ullage  or  different  vent  port  configumtion,  filling  k,  higl,rievels 
. dxP“Kd-  11  “ speculated  that  more  success  would  be  achieved  in  filling  a 
cylindrical  tank,  using  this  method,  due  to  the  inherent  orientation  of  the  interface  in  zero-g 
at  l«st  as  long  as  the  ullage  completely  filled  the  tank  diameter.  Additional  testing, 

enng  various  tank  and  inflow  port  configurations  along  with  flow  rate,  is  needed. 

in  3 dnamdc  demonstration  of  the  dynamics  of  the  liquid 

die  screen .device  quickly  cofi^^^  ^ 

uccessful  correlation  of  the  slosh  tests  at  50%  fill  using  a computational  fluid  dynamic 

ntodel  added  to  the  confidence  in  die  use  of  such  models.  Acclte  modeling SZLi 

= ris, s;  «* 1 - sr 
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Status  of  Existing  Domestic  Upper  Stages 
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Recommended  Study  Process 


CO 

c c 
2 « 

2 o 

o y I 

“ o “■ 
o £ <D 

O cn  « g> 
u (o  « 5 
» < Q £C 

**  </>  o o> 
t < o c 

o z c o 

g-  o j=  ”* 

9-^0  0) 

3 m © x: 
« gh  45 

a *■«  ! 
8 1 1 I- 

IcjS 

© o o5  o 
0)  ss  w £ 

°®  <D  C c 

<0  3 © O 

t3  a I „ 

= « £ « 

o r>  '5  - 
S-  Sew 
a 2 © c 

>■«  * < 

^ 9-  E 

3 © o t 

<0  5 a>  O 

^ w > H 

^ C 0)  o 
*o  < O Q. 

a>  i i • 


. provide  a Decision  Point 
- Influence  Strategic  Direction 


o> 

c 

’■a 

c 

if 

CO 

£ 


© 

o 

>* 

O 

© 


© 


3 

S 

2 

3 
O 

<8 

O 

4— 

a 

E 

2 

4-4 

< 

2 

3 

O 

o 

E 

CO 

£ 

a> 

o> 

2 

co 

& 
a 
3 

o 


3 

O 

o> 

3 

O 


<0 

-C 

4-4 

c 

o 


-S2 

c 


£ <u 

o  -a 

t ? 

o>  © 
3 CD 
.2  co 

4-  — 

n 05 

E w 

Q>  o> 

2 £ 
— O) 

s s 

© a 

5 * 

S 5 
s § 

1 s 

2 | 
o.  O 
<d  o 
£ o 

i— 


E 

■D 

< <D 

O O) 
£ 2 
■D  « 

§ © 

: & 

« -if 

£ f 

O)  3 
C 4 
O 2 
O co 
c O) 
~ .E 

m 2 
CD  © 

© > 

« (S 

3 O 

S co 

T5 

o 2 

S 1 

s © 

M 4— < 

go 


■D 

■D 

< 

T3 

C 

CO 

© 

ft  *° 

C £ 
.=  © 

© © 

DC  2 

0 CO 

1 i 

0 © 
S « 

1 • 

5 a 
o 3 

i* 
5 2 
3 co 

S ~ 

E -5 

2 c 
r o 


o © 
< o- 


•C  C 
O)  © 
3 (0 
Q 0) 

ft  < 

© © 
CD  -C 

| 2 
S £* 

o I 
<o  6 


< 


X 

© 


in 

co 

c 

o 

■o 


© 

o 

c 

*0) 

C 


CO 

CD 

CO 


© 

a> 

CO 

+-* 

(/> 


© 

a. 

o. 

3 

O) 

c 


a. 

© 
o 
c 
o 

a 

© 
o> 

2 « 
cn  •* 

©* 
0.-0 
a.  c 

3 © 
»-  © 
o c 

8 ? 

1“ 
3 © 
3 


© 

c 

© 

E 

© 

v- 

3 

O' 

© 

oc 

c 

o 

■o 

© 

© 

© 

CD 

E 

© 


© 


© 


o 

2 o 

2 ° 

U-  H- 


o *5 
© © 
Ho 

3a 
a. 

© 

O 


© 


© 

© 


■o 

c 

© 

© 

© 

© 

o 

o 


© 
O) 
© 

© CD 


© 

a. 

a. 


<D 

© 

■o 

© 


o 


O)  ^ 

o a 

a o 
■£  c 

® o 

a g 
o .E 

© £ 
> .E 
© > 
o ^ 
<-  © 


© 


a. 

© 

o 

c 

o 

o 


c 
© 

E 
c 

e- 

*>  ° 
c © 
ui  © 
\1  © 
O)  CO 
•« 

*c  a. 

© — 

© 3 

c < 

*5)  e 

c 


3 © 
T3  3 
C i: 

o* 


<D  «-• 

Ui  w 

«E 

w 2 
V 

© ® 
© O) 

n -o 

© -o 

© © 

© © 
c > 

5 g 
© o 

© © 

4^  C 
© v 

Ui  ^ 

a o 

C 

© 

o-  © 

S?te 

5c 

© r- 
° 1 
E a 

2 © 
o>  © 
o © 

cl  © 

ZL  o> 
^ © 
fi  CD 

* »- 

o © 

Hr  a. 

*6  ^ 
c ^ 
UI  c 

5 ° 

© ® 
c 


© 

D 


© 

c 

© 

O 


rp  . . Upper  Stage 
Technical  Requirements  Document 


upper  Stage  Technical  Requirements  Document 

No,e:  fOUOWi"8  ‘he 


Comments : 
requirement. 


Append*  A.) 


“ Missions 

Operational 
Apogee  (nmi) 
— £500 

Deliverea  mass 
(lbs) 

--Rooo-24Jyya 

Small  Lx.u  rayiuaua 

MediumLEO  Payloads — | 
[“*««.  1 KO  Payloads  _ 

<500 

£500 ] 

25.000- iy,yyy 

>40.000 

■ /UWX>-/.  999 

bmall-High  EneiaJ^loads 

bner£Y_Payiam. 

"Targe-High  Energy  Payloads 

>5,00U 

>5.000 

] >5i)o(5  ' 

stnno-i:>,oy0 

>60,000 

“ 

will  be  operational  over  a lifetime  of  at  leas,  20  CTBR)  years. 

fS—  mission  life  (from  ftrs,  ignition  through  disposal)  of  the  upper 
stage  shall  be  TBD. 

a^The  system  shall  have  an  h "iSS®1 

Approximate  date  in  current  Access  to  spa 

Qrgm) 

"sys'em  shall  have  the  capability  to  be  launched  from  both  ETR  and  WTR- 
b -nte  minimum  nominal  launch . *£*£4 

accommodate ™"Va“ble  I4""’  5°K  & 

architecture  analysis! 

Reliability 

a.  Thesysti 
success  .(FI 

Upper  stage  '**  7^™, 
architecture  analysis  at  MSFL) 


not  cause  loss  of  mission,  effects  of  single -point  failures  shall 

1*7  Facilities 

people  and  shoner  launch  schedules  ( Derivrdfr, I'  operal,ons  ‘evolving  fewer 
&bujni  the  UUsag^hJkl^  Dem^from  recommendations  in  Eaah  In 

1-8  Environments 

described  Si  RECON  SUrviv<:  the  enviro"ments 

Planetary.  NASA  SparVehi^TeSr^'t1970 ' I"*«Plane^ and 

of  ?6  gn^R)°fpX^c|S  “ci?SdsSirh  SyStCm  acce,CTati°n 

c.  Maximum  acceleration  of  the  upper  stage  shall  not  exceed  4-6  g (TBR) 

1,8+  Environmental  Impact 

and  included VpossdJjeSSIOnS  a"d  0,her  hazardous  effects  must  be  minimized 
Safety 

program  Sh  has  Kef  dwdoied^n  co  3 T*®"1  Safety  and  Personnel  safety 
processing  site  specific  requirements  (e  p™  f Iaunch  and 
sue,  and  KSC  1098  for  KSC  processiigf’ ESMCR  127  A for  the  ETR  launch 

E10  Disposal 
1.11  Piloted  Flights 

consistent wUhfoC^  **  Capabllity t0  support  piloted  flights  in  2002.-  (Date 


1.9 


Rev  4 
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a!^The  upper  stage  shall  provide  the  folio 

wing  accuracies: 
Perigee  AlUtUdeT 

Inclination  O 

IBB! 

— 

SH^Bi 

■Kg^gj 

01 

or 

TraiTm  LEO  faYioads 
Large  LbO  Payloads 
" Small-High  bneigy 

2 

5 

ioo-n3  | 

r 

ann 

Pavloads 

]uierl^im-Hi&h  Hn^rgy. 

“ loo- m 

■ KH)-  m 

0.1  -\J±A 
O1-02 

Pavloads 

Large-riigh  tnergy 

— ioo-m  ““ 

100-110 

U.  1 o**' 

Payloads 



1.13 


eommuniotion  communication  with  the  range,  the  pad,  the  LCC, 

L^vyn"&,  and  the  tracking  network. 


1.14 


self-containea  servicing  

Sjg"JS5  SESS  j^cSr'  ° 

d.  The  upper  stage  will  be  compatible  with  TBD  launch  sy 
115  detect  and  isolate  ^ - 

and  training.  [AFbrA^t^^m  ^ 

packaged ^and  ^hip^^bacl^to'the^^dOTO^sii^p^wfo^p^r  ^replacement. 

^AFSPACECOM  SORD  4.1 2 A) 

i • „ "ncuvr-less"  environment  using 

WOTk,03d  3,1,1  simpUfy  P ' 

(AFSPACECOM  SORD  4. 1.2  A) 


1.16 


1.17 


1.18 


Transportation 

•?  «a.e,  and  loca, 

Transportation  will  be  accomplished  hv  .?s„safetfy’  Slze?  weight,  and  security. 
(AFSPACECOM  SORD  4. 1.2. 4. B)  ^ 6 m°St  practlcal  30(1  economical  means. 

finished  materials from1 them^^  Sha11  **  used  t0 de.liver 

or  Government  vehicles  should  he  nc(.H  u Slte>  whenever  possible.  Military 
vehicle  components  between^  transportation  oF 

component  tLsptmte^  Military  airlift  may  be  used  for 

components  will  not  mqdmoverly  comSex ZZfu  T™sportation  of 
equipment.  (Note:  Reference  to  Military VeMcte IppticS’nend^^^0" 
incorporation  of  DoD  missions. ) ( AFSPACECOM  SORD “ izffi 

Security 

classification  (up  to  ^dTnduding  TojTstcreS  for  payload 

Information  (SCI).  This  incIudesone^Snf 1 TS  • tlve  C°mpartmental 
and  information  security  (Note- Securhv  If'"113'’  communication  security, 
incorporation  of  DoD  missions  ) ty  requirement  aPPhcable  pending 


1.19 


Availability 

Avanabitity^  a measur^of  the^01  availabi*!fy  °f  0.90  over  the  life  cycle, 
commi table  state  a the  start  of  a Uen? 1S  !n  an  operable  and 

unknown  time.  (AFSPACECOM  SORD  4.U  ^h^misslon  1S  called  for  at  an 

ShaU  haVC  a probabiIity  of  less  ^an 

Dependability 

Th  °'95'  ,PePendab»ity  « the  ability  to 

This  includes  exteI^?foctores^ch^"wMethe^^a^K^>'**P,  “IT  °Vera11  ^ 

production,  assembly  and  navlnad  d lnte.rnal  factors  such  as 

SORD  4.1.1.41™)*'  P y d integratlon  anomalies.  (AFSPACECOM 

1.20  Proximity  Operations 

a.  The  system  must  be  capable  of  supporting  proximity  operations. 

1-21  Commonality 

1.22  Technology 

operabil?ty!°^ordaWlity  perfi^^ce”^ sutoo^t^  t^.nsure  a baIance  among 
schedule.  Such  advances  ,S?poi1?/bllity’  Pmducibility,  and  * 

requirements  in  this  document.  u c o and/or  be  compatible  with  other 
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Reference  Documents 

NASA  Headquarters,  March  1992. 

^FSPACECOM^RSDr  I4  AuSust  l990> 

Upper  State 

jg^TUsfeF^sB^c^ber  1988. 

BrsUABiaJ^^  Volumes  1 aud  3,  Johnson 

Space  Center,  26  January  1993. 

,OV.ar  Space  LaunsklS*^^  *£*  A8e"deS  (D°D’  ^ ^ 

'W2. 

F„m  -mh  to  Orbit  -^nASSSS^^  Na“0,,al 

Research  Council,  1992. 
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Potential  Missions  by  Year 
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Small  LEO  Payloads  - Class  5 
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Large  LEO  Payloads  - Class  3 
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Large  High  Energy  Payloads  - Class  1 
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Medium  LEO  Payloads  - Class  4 
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interoffice  Memo 


MAFtTlN  /V/FX  f*  I FI 


*P»9«*  ► 


DATE: 

TO: 

Ai»* 

V v • 

FROM: 


21  May  1993 
Bob  Spencer 
Lyle  8areiss 
RickHj9lm<x1-9l31) 


Drana  la*  uawnw  ■■■ 

Spacer 

e:rl-  Uje!^ 

Co'  n-filSO 

. — " 

Phon** 

f%x§  7"  7o3  / 

1-901$ 

:rom-  Rick  Hjenn  VI I 

ma  find  Soace  Oebris  Penetration  Vulnerability 
SUBJECT:  STV  Mlcrometeorold  and  spacer  * 

8 Assessment 

ftieobjective  of  this  analysis  was  to  ^^^Sf^nfml^meteorolds  andsPa^ 

«■  memo  "d  ,o 

Bob  Spencer  dated  14  May  1 993.) 

The  analysis  approach  was  as  follows: 

n ) Select  worst  case  mission  from  the  ei9ht  reference  missions; 

*>  ar  ,o  P!“ ,ank  swn  for  ,our 
4) 

areas). 

. • ^ fipst-cLrt  analysis  a number  of  simplifying 

Sptons  wore^mployed.  These  were  ss  follows-. 

. All  impacts  were  normal  to  the  surface. 

. space  debris  and  mlc-ometeorold  fluxes  were  isotropic. 

. space  debris  velocity  for  all  particles  was  10  km/sec. 

. space  debris  particle  density  was  2.8  gm/cnt3. 


v ' Mlorom9teoro«  Velocity  for  all  particles  was  20  km/sac. 

Micrometeoroid  particle  density  was  2.0  0m/cm3. 

Station  micr^meieorotd  anrts^ tvei^ ,,10se  employed  by  NASA  to  del 

NASA  document  SSP  30425  S*j“ f^AsTm  *ES^Sp** 

aluminum  laye^wolnlffi  The  £2'!}eA  Ths  ««  was  simply  a sina,a 

in^!  epS^nn'°^^T(SOm  W* 
aluminum  layer  sumfuSS^  Ai^V  Jh@  thlrd  layup  wa^tte  0 aln inSnded 

r*  °-040  ln  the 

a«uminum  layer,  stood  off  by  i 

The  penetration  equation  for  e;n/7i«  u 

the  second  confim^on  t?iPSn  ^ers  °’  ^Kerent  maS^k'^2^°'u.ia  t»netratlon 

sheet  design  equation’  fc?SS2i?f  *hs  0 0‘,° alumlnu 
used  to  determine  the  mlnim/im^T1  *?u.mP0n8i  also  developed  bv  kjaoa9**  r0ai‘ 
configurations  This  ° unLpart,cl0 size to penetrate?  *hf  k NASA* ^uld then  be 
andXreto ff"  « ^nttraTbltmMr^'^  sh"' 
should  be  reasonable  consinii.!?  IS  eff0ct,ve  a bumper  as  anv  rttU?9ria^  PraParties 

£■*  ~ - • « * 

**2^^  fetween  #»  two.  tor 

Su3s>* 

^S?FS3Wt^™9^  e*«" M-3ASynchronous  Orbit 
tongest  resul^^h^^^8^,91^ P*®3'’®*  hevlng^he 

Table  1 summarizes  the  result* 

““  ““  - W*^»Jnsra  sss^  ^ 


or  kevlar  significantly  increased  the  probability  of  no  penetration  over  ^ single 
aluminum  layer,  and  the  aluminum  bumper  provided  the  best  protection  of  the  four 
configurations  analyzed.  The  difference  In  results  between  the  second  and  third 
confiouratlons  and  the  fourth  is  strictly  due  to  the  greater  spacing  assumed  for 
configuration  4.  The  analytical  approach  did  not  consider  bumper  matenal  properties, 
it  only  assumed  that  they  would  be  equally  effective  at  vaporizing  the  projectile. 
Comparing  the  results  for  Option  1 and  Option  2 illustrates  how  exposed  area  impacts 
the  results.  The  larger  target  is  much  more  susceptible  to  penetration. 


Table  1 Summary  of  Analysis  Results 


Minimum 
Diameter  to  P 

Particle 
enetrate  (cm) 
Mfltanroids 

Probabili 
Penetr 
Option  1 

ty  of  No 
ations 
Option  2 

Configuration  Analyzed 
1.  0,040  in  Al 

opciCG  L/tJCNo 

0.0293 

0.0217 

0.924 

0.668 

2.  0.040  in  Al 
0.375  In  SOFI 
0.100  In  MLI 

0.0531 

0.0472 

0.986 

0.926 

3.  0.040  In  Al 
0.375  in  kevlar 

0.0531 

0.0472 

0.986 

0.928 

4.  0.040  in  Al 
1 .0  (n  Space 
0.010  in  Al 

0.103 

0.914 

0.997 

0.987 

Table  2 provides  some  material  properties  and  the  weight  impact  of  the  additional 
materials  surrounding  the  exposed  tank  area  for  the  four  material  layups  analyzed. 
These  properties  are  provided  for  use  In  a system  level  evaluation. 

f=or  more  information  regarding  this  subject,  please  contact  Rick  HJelm  (xl-3131)  or 
Lyle  Bareiss  (xl-9108) 
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Date: 
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cc: 

From: 


UYN-92-102 
IS  Tver 
-2-Jww  1992 

Bob  Spencer 


TimGasparri 


mi 


*****  STV  Load.  Based  On  Saturn  V 


AS-S01  A^502^^ttoTa(S  6)^^  s*  | vb"  ba5ed  on  Sa,urn  v test  flight  data  for 

Chapters  9 and  16  of^  SAT^I^Ijw  ™asured  acceleration  and  acousti?data  from 
502  Apollo  6 Mission)  was  used  a the  data  inp^t  to  the  S '£h-'Cte  F,‘9ht  Eva|uation  Report-AS- 
M^  avroncs  module  structure  as  weB  as  fligKvLl^m °es'9n  Load  tor 
n were  deuved.  This  memo  P-esertsV 

QSSlSin  Load  Factors 

Measured  acceleration  data  for  the  S-fVB  was  „«h 

accelerometer  locations  shown  inTjible  1 wpxI^V  compute  the  design  load  factors  The 

had  factors  were impute?  TTfese  Son/w f°f  the  aoceteratk>n  data  from 
oMhe^V,0nff  ^0rm  and  amshownin  FkS  27 of aabein9  representative  of 
peak  acceleration  was  used  forthe  d^Sn^S  A'  The  maximum  envelope 
measured  accelerations  are  1 .4  times  the  Gmls  aaeSin^^^^’  " ,he  Peak 




Table  1 Design  Load  Factors  For  STV  Avionics  Module 


Arionlcs  Random  Vibration  Envim-m.- 

The  acceleration  erwebpetimehisto^s  iillI-rfKr. 

from  SO  to  SOOOhz.  A review  of  i^a  fo?me  !he.vtoration  as  a fun  ction  of  time 

aSSS?  dUfin9  mo1f  and  maximum  dynamic  press^fM^'^Tn?02  **? the  vibration  levels 
acoustically  generated  vibration  overshadows  thE  (Ma*°)  711,8  ,mplies  that  the 
engine  start.  Based  on  this  data  tt S2ua  ^ ^ transmitted  vibration  during  j-2 

wpfS°mI?,rrati0n  environments  for  the  avionkS  ^oum^dto  env'ronmen,s  were  used  to  derive 

‘ha  S-IVB  Aft  Skirt  and  the  S-Tl  F^aTsSrt  P'att0rm  Mea^rements 

rom  s"VB  and  s " ««  - — - as  KaSsaEKsssr* 


MaxQ  measurements  from  S-IVB  and  S-ll  were  averaged  to  form  the  external  MaxQ 

?£S£S££!Xv^  * <*«*«  •**  .£££££  s 

e"isr™'e£^^ 

r;*^*;*!  .»*««  * «*-  as «.  s™  ^ ««* 

environment.  These  environments  are  shown  in  Table  2. 


Table  2 - STV  Derived  Internal  And  External  Acoustic  Environments 


Center 
FREQ  (HZ) 

External 

SPL(dB) 

Internal 

SPL(dB) 

2 5 

1 33.634 

1 30.634001 2 

3 1.5 

134.633 

131 .6329499 

4 0 

135.638 

132.6375996 

5 0 

138.607 

135.6066953 

6 3 

1 3 7.643 

134.6432499 

§1 

140.624 

1 37.6242278 

100 

140.098 

1 37.098075 

1 25 

139.124 

1 36.1 237046 

1 60 

14  0.182 

137.1817419 

2 0 0 

1 4 0.627 

1 37.627304 

250 

140.384] 

1 37.3840084 

3 15 

139.383 

“136.3829615 

400 

1 38.638 

135.6376151 

500 

1 36.607 

133.6067218 

630 

1 37.393 

1 34.3932725 

600 

137.124 

1 34.1 242576 

] 1 000 

1 36.598 

133.5981049 

1 250 

136.124 

133.1237334 

t 1 600 

134.682 

131 .6817761 

2000 

134.127 

131 .1273405' 

2500 

132.134 

129.1340488 

| OASPL 

| 151.1 

] 148.1  | 

The  internal  Acoustic  environment west »« ' 

The  random  environment  sWaSoustic  level  to  the  actual  acoustic 

scaling  acoustic  test  results  with  the  rate  of  ^ PreJ^  ;'v  a“  enveloped  to  define  the 
test  tevel.  Tttese  and 

random  vibration  enyironment^  F^jre  p '5  the  sea  etope  as  compared  to  some 

mounted  As  can  be  seen  the  STV  environment  is  much  more  severe. 


11:37  AM  7 1 5. 92 


2 


Frequency  (Hz) 

Figure  1 - STV  Random  Vibration  Database. 


Frequency  (Hz) 

Fgure  2 srv  Random  Vibration  Compared  To  Recent  Right  Programs 


3 


1 1:37  AM  7/15/92 


E5IIS 

at  7-8964. 


EOS  Dynamics 


11:37  AM  7/1 S 92 


4 


APPENDIX  A 
SATURN  V TEST  DATA 

f. 


w 


5 


1137  AM  7/15/92 


r 2 3 $-;•*:  Stacf.  and  Lnfjine  Lvalue  CUM* 

Minp  vibration  measurements  were  made  on  the  structure,  twenty  t o - 
components  and  six  on  the  hertirvib^tion^leiels 

llllcJrT  " S5Si«  1ft cSonents/and  engine  are 

:raU^veuT4  S lltasure^nts  taten  during  AS-501  fU*. 

9-3.3.1  SJVBSt^y^ 

nsr 

AS-502  than  measured  at  similar  locatio  s ^ 70  percent 

rsrr.23 

n , , , < TVR  j_2  Enqine.  The  maximum  vibration  level  ^measured 

o^tiVengT^  were  almost  iSUlTcal  to  those  measured  during  the  first 
S-tVB  burn  of  the  AS-S01  flight. 


-m2  TURSOPtfV 
\ rFEE0LlKE 


ACOUSTIC.  EXTERNAL 
ANO  INTERNAL 


FIELD  SPLICE 
POS.  1-7 


-APS  MOOULE  NO.  1 ACOUSTICS  EXTERNAL - 
FVO  t AFT  j 

Pi)  PROBE  -i  // 


THRUST  CHAMBER- 
DOME 


-SEQUENCER  EBW  RANGE  SAFETY  \\ 
ACOUSTIC  INTERNAL-1  \ 

-suitai  satcroe  ^ SHK£  ' 

-SEPARATION  PLANE  POS.  II  | pos.  II- 

-THRUST  STRUCTURE  j 

HELIUM  BOTTLE  | 

-GIH8AL  POINT  f* 


-PU  ELECTRONICS 


v v^S98^v  / 
SPS99  S97  X 

rsioo  S96 

7S10l\  / S95\\ 

S94] 

i S87  /\  r„A 


II.  * 

-BATTERY  NO.  1 


STATION 


• figure  9-27.  S-IV8  Acoustics.  Vibration  and  Dynamic  Strain  measurements 


9-3S 


• - 


JnH 


iMSSfiasa 


CIM8AI  BtOC* 


?0  40  M 80  100  lio-^ 


600  6?0  640 


660  680  ZOO  TflTTIo 


fQRWARQ  COHP^T^ 


HaB 


mmij 


" 40  « » ioo^uo~uo 


640  660  680  700  Taj 


74  jgHLig  An  coumfxrc 


^H^^BBnw&aBSlisyiiiiiB^SKSSSSi 


140  -SfiO  600 


600  6 TO  640  660  680  700  ' 7T0 


M«CE  TfHf#  St  COWQS 


F,'9Ure  9-?e'  >-•»«  Stage  Vibration  En.eiopes 


cn 

c 

u 

3 

-Q 

*o 

at 

u 

u 

3 

o 

u 

o ■ 

c C 
o QJ 


c 

•t—  •*— 

o * 

4-»  cn 

•r-  M— 

o 

id  c: 

4->  «+- 

C-  n3 

<d  o 

* 

X>  1- 

L-  4-> 

CJ 

*«-  -c-> 

X)  *♦- 

u 

> 

•r- 

3 

4-* 

> i— 

V> 

B ^ 

on 

3 «3 

G +> 

<v 

E 

5 to 

t- 

*<-  on 

B 

ex 

X 

•r-  <1) 

id  QJ 

><  J- 

o 

e c 

to  3 

•f- 

G to 

e 

cu  cn 

CO 

rd 

xz  <= 

a>  a> 

C 

H-  <v 

-c  «- 

— 

o 


CO 


co 


oo 

o 


o cr»o\ 
oo  co  oo 


O <J0  <*> 
oo  oo  oo 


LO  On  Ch 
<r  oo  co 


. • • • 
O U)rs^f 


*t-  o vo 
• * • 
<j-  ro  oo 


00 

cO 


m ro  cm 
m<r 


cn 

O 

O- 

CJ 

o 


4-> 

on  -c 
3 u 

XT  «r-  *3 
j — Q- 


m irt  w w 

o o o o 

aacLO. 

0)0)0  0 
t)  u o o 


u 

4->  3: 

-f—  Id 

a.  >- 


-a 

<d 

a: 


on  co 

00 

08 

l 

L 

04 

78 

00  oo 
m cn 

r-* 

T3 

on 

CO  04 

**“  04 

on  cm 

«d- 

o cn  co 

J OJ 

c 

04 





i 

4-> 

i 

4-> 

Done 

eral 

3 

CL 

c 
»— 1 

3 

CL  1 

C C3 

ac  V 

^ id 

'o  QJ 

c c 

49  <0 

I 

4-» 

«.  4-> 

s-  « 

O — » 

n 

o 

c 

<3 

^0)0- 
s s * 

CL  CL. 

>>  >>  ** 
4?  4J*r- 

3 
CL 
C 
•— « 

4-*  I 


t0  +* 


O L 
CO 


CL  Cl.  CL  Q. 

</>  tn  tn  co  ^ ^ °° 

J_ 

S.S'o) 

aj-c:-*“-cT“r"7r7riZLt_Li_ 

CO 


^ ^ ^ +j  • <u  -o 
<j  ■*-  4-  to  *-  *5  JS 
--XJ  KJ  3 C"*  ^ °" 
c * <n  s-  cn-ooo 
o cc  XT  g 

c 0J  H o 6^  o 

cn  o 2?  2 

c i c » C cn 

0)  rt3  « 40 


l O 


o o w 

Ou4-»  3 
O !X  O.^  Q-3C  VI  -M  M 
0.5  CO  cco  artfl 

4/)  t - 1 *— • LJ  • LlI  o£  cq  I 


KA 

<v 


4->  -X 


4-»  L- 


c c 

0)  id 

QJ 

0)  -X 

c cn 

c h- 

o 

o 

C 

CL  -O 

Q_  OJ 

*r- 

E ? 

E rc 

C7> 

O Ci- 

O -J 

o — 

C 

UJ 

lNSTAUWtNT  UNIT 


t+ix. 


Gsznzsza 


BY 


>l/?.C-.....DATE 


SUBJECT.*. 


i.  ...  /rtl  -CiS’. 


;hkd  by... DATE.. 


SHEET  NO. 
JOB  NO 


3> 


or . 


EEqc/i \zal£/v;T  u 

Limit) 


Lo^  D> 


)EN  660  1 60  (04  -44  j 


v:*<eJv  •••O'sll'  *■  • 

.**»'  r;V-» 

' . >*  _■.  h rU> 

• • A- - jl  i*  >.*  j 


> */v”/ 

•:w 

>--w 


Sa* 
• rff 

v. 


fix!' 

>W: 


' 's.  . 


""  “V".  .'/ft'. 

\ .V . > U t 

Xfiffil 


\ ;r3:= 

Acrjl 

S,^ 


w 


.## 


E 

O «-  O 

>J2io 

m CL  ‘ 
10  +1 

c c 

<D  .2  D> 

v)  ft.E 

i_  Q)  > 
CL5Z  O 
<D  <DJZ 

trocn 


<0  ^ CO  2 

— o e£ 

E » XCL 
m 3 UJCO 

~ o — — 

TJ<  25- 

o c . 

Ir  ocr 

> O ® 


*■ 

CO 

CO 

to 

d 

1 

o> 

CO 

04 

CO 

CO 

CD 

T* 

CO 

oi 

CO 

CO 

o 

in 

ft. 

o 

04 

in 

H 

04 

CO  | 00 
■^1  -D 


CO  5 COCDf^OCOO) 
"O  CL  to  CO  CO  (D  CO 
co  O 

cc 


CO  2 CD  CO  CO  CO  to  o 

3n — * * ~ • • • • 

DC  in  €^i  r-  <d 


G) 

c 

(0 

It 

12-g 

“•82 


CD  CD  < 

ow^; 

CD  -C  <r 
3 O **■ 

o-  - W 
« 5 0. 
(/)(/)< 


K > 


fiS 

2 E_ 

§5  CD 

£ H « 

CO®  Q. 

« 2« 
2 o>2 
£ C ® 
H UJ  U.  t 


1 


c 

Q> 

k. 

<1> 


C 

o 

"D 

O 


c 

0) 

E 

o 

u 

C3 


m § 
<o  ^ 

o Jr 
•—  O 

! c 
< -2 
^ 4-» 

■o  «o 

G)  3 

c o> 

0 c 
2 ° 

1 ° 

i:  <d 

2 D) 

E .E 

o co 

o J2 
u.  o 

CO  Q. 
C CO 
O TJ 
*=  < 

»-  TJ 

3 <U 
D)  O 

'•£  > 

5 * 

O t 

o 0) 

a « 
5 E 
3 .2 
2 D 


< 


c-7 


Af>1/?r//V  M/U7/F7T/I 


TD16-013 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.8d  Environmental  Impact  - Facilities  Development 


| o4r*j*  crf£ — i*A.CMZA+*ts*4^  G*V*~c 

vJl^  4o  o V*J  MmJ  >4^(' 

c**"  i**'. 

“TW  Cc****®*^*  ✓vrf  fJU-3 

«*t^4  '-^>i  |^v  ^ (hu ^y^fin / or  ^Oumhc/'  cT^ 

o\  u-^U<r  6,(^e  o^K(  U*v<  4®  CrfW'j^<|  uj#<fC* 

'U«%  o«r-^  e*pf? 

b**  U*^  »(npu(«^»V^  c*  |Py©--^c<^i'x-nc  c^^nr**oh 


Om* 


TD16-014 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.8e  Environmental  Impact  - Hazardous  Effects 


_l— ouudr*rx\*M 

\{(*B  j O*^  ° A i V<S  'c^*A~*44i cr~-4 

UJr^u  iV^  $y<JU  c^^vy*  't+i  4^*-  s\^y- 

Y^cJLo-' oe  C^3»  /<vi  G **Mf2*J(  CcY~  ^o-< 

Vjf^rVT  r|nax^jj)<jS>(e^^  0^7  £ JZ^CU 


TD16-015 


o 


^ lM5P  ' ^ ^ 

Csv^w  V-*  p**-  s^{*&v®  •. 

e since.  tei-i 

0 O^w,  ~ <K~  ^ 

fto\/L$<d*4  o^-  (27  l 

o^w.  »;*w  ^ t~r*r^ 

<$•<->*  ip^w-^w  «^-  (°^ ■ 

psrs>  nco-iB’,*^  ^ff^-ettf> 

C<ys£)  ojU'< <&  -*^ 

w :^t  |q£  (700-76  C a*V(^  WfMtfSSi* 

r oi—  ^ k ^ f-  ^ « 

s^^'c  ^afw^t  r^-4  lv  u ^ 

^U(>4r^t/ 


TD16-016 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.10a  Disposal 


r[^C  -^<0  Bn^v^  Ocx^t^V  /\|C^  JUm  ^ta*&  fo+— 

L-.&&  M('^/<M4/  D/ope-**^  C>*~ipJ'{r^  £&r  (S~€lc>  °^-e( 

CUf  S^ot  -(-^  <pc*k|  — p n^r^ccV'd. 

<3^-  '^VJ*"  ^04~*d  V>i-«r-C.  Ler*U*Jt 

cr^-  pvafwX^-^T  3 e**Aa ; UU-O^-  (f^tc  (2.CS/ 

/ <f^  '*'*'  £*d~d*A  \~yIZK*-4$.  UWM^I  isa-M^v,. 

(Zcs  : H^p  o^-  ~2JX&  s y umuw  6.T5’ 

fS»T  <*  / <1*2  *%  A po*-"^  m /^»fU4i>»<V^,  CKa^A. 

%'Q'  ^ vr>C^  ^jro^yj^  ck  0 - 7% 

jWf*  4»  <K<-e  A^£c/w-f  v-r"C-  d^ 

4w*aU^«.  °v  Orip^oy^ 

chuOf  cbu  y^-4 4'£t->'**  '~**zr*/~^Jl  (9-Z?^ 

\JjtC$i\  uu^w^  oiaa  Usp  <£-  (7£&  -(^r-  / or(Ct>V' 

<^44^UA7 pf~< S(\AAt%*Y~  £-C-.S  CIOC  '.  O.tiS  ?o  JLfcfa  \& 

^ (OOim/z,  s 0*Z&%  •£**”  ^P**/*?  . 

hJJk'kfr*+4  ***va  U>*>v  ' ^ V^r O S/  jTf, ^~«»  ^ o/rtv^. 


£?• 2>^%  ddfai  CJ-R/©^-  v^-*^  (•«*'“  l0&'*/&  Lc**^ 

0'1%  J-dJy*.  (—/ 0 (*~4ud  (~o*<  *i/£  {xx*w 

U),'^vKk  ^a.  Cefv^- 

^JVCjp^X^^  S^(  UN^  ^ 'r^iM^f^^  <W'V  O/^  ♦ 


TD16-017 

1.11a  Piloted  Flights 


~ * w-  <**•*  - ^ ~WA‘  • 

tu  *”* 

^ ~ul^  H<^'  ^ 40  ^ 

Uc  — ^ =f 

'U/v\Ul44t\  • 

E>_™,  -~J ^ f^W^l  ^W 

s^  4^  ^Afi^ycf;  l*  Vu-  « ^ c^r" 

^ M-  ^ sa^-^M-fr- 

lUP^s^  cfll  <V^  ^ -~**4e*~* 

e^,,^.  ^4—  r^  h 

O^V-  ^.'^,'rfvv  ^ P^  '^t^S/ 

^ P^b^r^ysWM  !►  4^  Wv,  ^ 

£(i^  — ^r8^ 

uvw^  b -H- 

c^  ^•ss.VK  ^-±  ( ^ 


TD16-018 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.12a  Guidance,  Navigation  and  Control  - Accuracies 


M 1 ^H<fW  % 

R p(n*0 

i*c~.  (ch-y) 

S-^o 

us 

hS 

o-z 

L*V  T^y  d<  •v^i<* 

, «S 

Its 

1 6 Z 

f(  |^Xj»cif 

(OO 

(OO 

o.  (S' 

(0 

(OO 

O.l 

!_£»  /«&) 

S 

S 

K 

^r^^Js  af^lk^t-S  vz^vzti^z,  (Afcv+L^X 
C^a/^ouuj^  c^A^lifi^  & T74^HT  [j'h-*s. 

4<^  / ^ ^ 

*oUacA  eLiCfeSr*- 

c^ 

t^f  ^Cw^t  co&cam, T^  o^c^M^cn^Zt^ 

(^  £Oxjl<^  ol-r-^  (o-Z*^*/kr-^  /^u*  c^v^it?t 

V^r^U  G“PS>  C^rvJlJ  <tW-  oXhTU-<- 

Co-A^Vv^  \JjtY>^  0*1  Ia<*A^-x>>^*V^  • 


TD16-019 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.13a  Communication 


(f)  „ = 

OC  < o 4-1 
Q CO  CO 

hiuw 


x & 

\ Sr23 

\ N 


'"'-r 

r ,5v 


P'  fL 

v e s.\^ 

3 ^*v§= 
00)  6®  Q> 


3V 


SNr 


UJ  </> 


V 

o E .is 

(f>  CM  "2 

o>S=o® 

§ |S-oS 

qOcuC  — 
qO£  «< 


a tisMTtisi  MJtrtiETrr/^ 


TDRS  System  Link  Characteristics 


AT>1  /?r//V  /Vf/l  FitE  TTJ* 


am  /?  r//v  at>i  ft  me  ttvi 


SSG'L'z)  c4**4^*e£>rj  f-(?y&c  - 
Z«*  l>/£.  thzb  v*X^  ia^x 

Leo  - <t&%  -*  -7«/p/  UJ/L 

• . ^ ' L i . r \ 


p«r<^,V^4’ 

'^v-^4«,f  e«,<t'<hu  I wt/s  ,Xc/o 

, f*'JV'  UV*-  -j/  /e>'-«-  Bf£ 

Uvfc  Los  iU-f-rw..) 

%>%  1 <L<r<ru~y<_  -»  - 7jfQf- 

^ «<*Yf  ^po^)  pvev.’A^ 


**  ^LS  fuy*  ^ 

•ft*™-  ^ ^ 'tp**s  ^ 

^*2-n  «/*.<4~,  ^ rM^JUdt  tyS  qjvMwi  5**1^, 


Td  16-020 

Upper  Stage  Technical  Requirements  Document 

Source  Analysis  for  Paragraph: 

1.14a  Operability  - Ground  Operational  Process 


U£S  ^v-  t Bujui'vv^^^  3<J%^-/  TTL  ov- 

t:^>r^-'n Xr-U^d,,  ^ 

p,co,^a^  wu^ 

« v=^W  c^WUivj  ucs  s4h^^  ^ ^ 

T^  3TTL  «fr^  ^ 4^ 

^ r^t  ) ^ ^ V^(, 

^w  ^ ^U  Offset  ^%w  U^J.  ^ hJ 

^ p^w - ^,'U.  «,;&  ^ UEs  ^ p^  tfrS( 

“fr^  • AL-/  ^ ,Hv  u)a^  o^,^ 

^;tj/  ^ 

w.;^  tw  £tl  ^ «,  c r^ri^U.  u^s  Uy 


TD16-021 

Upper  Stage  Technical  Requirements  Document 

Source  Analysis  for  Paragraph: 

1.14b  Operability  - Standard  Payload  Interfaces 


i y u-c^_  ot+'4  ^ok"  1&~C^  4^v" 

L&UA*  cJ*  <za  \ b>  (A^jCKY'  tdptyc^)  c*^-jP  uJ 

*Z>rbfye/  CK/^C  G2^$3f*^  rfC**  C-&ir^Z  I r>cJL£c^C<5^ 

CZ-^vVG*cJ(\  FZy~  iaj Ljo^r  <^£s<i*uS^*^C&L~>  \jj^be4/'  ^ H~- 

(^lA^?^vt>^/^  lr T^V^Ct^Z  C^y^JLKcX\^A  2^38, 

<5^  L-*J/a^~  cJa  Ce&fe  y <5«^-. ^ 

«.  i?  J ^e  o-J^-e  <3^—  <f^~* 

^\.  <iA-fL&y+>^  C^v  YZ£^o*£^J,^l/y-  d^p- 
j|rc4j2V=^<^  U2^>  c?L  U^Jv^  '^-XX/Mf  / 00  UaN}~€  yiy^X 

o lo<I  i i / v**^r&  <^<U/rz>g&'f~^* 

Ia'£*  d^"  • 

( 4o  <K^  (od^ 

•^^<X\^vv.i'  ^ E/F.  £*<f 

U^  w\i vaa uvM.^-*^  r|t>  vz**JIo^jl,  ^Z/F^  (Lg*s^^*4C\^l^  * 

2Z/4'"  6^ a*£$  StfA^pfZX I 1^*  ( ' 4^^— 

^o  <pC,^€  / |m  4^u^^4C<6t^  op*e*^t 

<3^-  y'vvj  4^^^-  ^^-c^i^** 


TD16-022 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.14c  Operability  - Payload  Substitution 


P^L.  u?  JUr**s*Y\  -^-^wj  ^2*S$t 

^^n-^-oc  um<Hi  <K^e  UvCU4tM^  tujrOic^a  x/^r^=C^~. 

-F^*t*W  ti  Aj  ^ Xs,’^  -f° 
f/L  j7r^o  (^  • 

AF  ^WCECcyvn  ^\D/(^.  Mr  LI.I.C2 


TD 16-023 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.14d  Operability  - Launch  System  Compatibility 


Access  To  Space  Arch.  Vehicle 


4>i  5J  d 

Q.a  5, 


10  10 


1 

LEO 

lbs 

0 e- 
u> 

to  —I 

b < 

to 

oi 

c3  cv- 

1™* 

CO 

% 

C 

O 

• MM 

P/L 

Lng. 

0 0 

CO  CO 

lass 

O « 
UJ  J3 


10  10 


O C" 

10 


T“.  CM  10 

O T-  T- 

T-  • O 
T-  CO  <3. 

F* 

vT" 

eg  eg 

CO  CO  LO 
CD 

CM  ^ (D 

r*  O (o 


T CM  10 

O)  ▼"  T- 

T~  ■ O 
r-  CO 


c*  o* 


O o 
CM  10 


c-  c- 


C“  o* 


c>  o- 


o o 

CM  IO 


-*  JX 

o o 

10  CO 


o* 

- <£ 

§ 

CM\  jv-)  ^ 


CD 

Q. 

3 

CO  CO  I 
h~  h~ 
CO  CO 


Sco 

CT>  < 

z: 

ro  w 
~ ra 
o — 

Q < 


w ? 

"D  DC 
JO  CO 

> CD> 

c 5"  C 
s Wi2 
H > P 

- _J 
UJ 


0*  * 
o o o 
ro  cm  lo 
a 
CO 


CO 

_J 

JC 

a | 

0 

> 

h- 

0 

> 

C 

0 

F— 

CO 

£ 

*—• 

G) 

t: 

ca 

k. 

.9  0 0 

0 

JO 

JC  to  00 

i— 

n 

<D 

CO 

X 

> 

CO 

wJ 

Access  To  Space  Upper  Stage  Options 


TD16-024 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

^ ) 1.15a  Maintainability  - Detection  / Isolation  of  Failures 


■O 

<D 

N 

_>* 

CO 

c — 

< c 
0) 
2E 

© Q. 

5 O 

O § 

o 5 

-IQ 


o 

Q. 

Q. 


•*-  — _ CO 

o?  c <0 

w<.2  s 

aj  o 

CD  C O ^ 

Jr  0=3  © 

CO  g CD 

© cd  £ o. 
£00.0 
-cz  . . . 
I— 


CO 

o 

p 

CO 

a> 

■D 

• mmm 
> 
o 

x_ 

a. 

o 

•4— ' 

CO 

ir  Q) 

O rj) 

Se 

e> 

CO(S 


E c 

o © 

2 o 

H—  U 

V,  © 

o n 
<D 

> (0 
3 
CD  CO 

a fc 

co> 

5c 

> o 

— CO 

©’C 

3?  CD 

o a. 
^ E 

O 

go 

°b 

< m 


CO 

O <D 

UO 

O co.© 

DC  CD  JT 
Jh  © 

CO  CO 

OTr 
> cd 
^ c- 
co 

c © 

CD 


W 

Q. 

X 

LU 

CO 


O)  CO 

coS 

© r* 

r*  c 


m u/ 

coO 

© »- 

agS 

oc  CO  E 

fl)0  g 
o.trjz 

C 3-n 

CO  2 © 

coQc 

*50  © 
j:  cmo 

CD  £ 

W © © 

To  ©^ 

C§  CO 

O V tj 

n J ^ 

u £o  © 

© Q.  co  CD 

toacQ 

-^<.9  ^ 

£ O)^  £ 

3 c £ co 

<*3  CD  3 

■j-.=  Q.'O 

2JSO.E 

iZ  gxj-a 

<0  ro  a 

A 


LL 

CO 

o> 


c 

CD 

CO 

CD 

L- 

Q. 

CD 

DC 

~o 

CD 

O 

3 

"O 

c 

o 

O 

CO 

CO 

& 

CO 

co 

co  a> 
c .tr 
< 3 

■DW 
C 0> 
0.0 

a>  o 

w| 

<< 


Q> 


TD 16-025 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.15b  Maintainability  - Routine  Maintenance 


\oe<>t-/  (SX-,  rVV-1-  a^-  5c~e^>  'J 1 V|  - 

Io~aaJL  4^^"  ~*'®“W  i-  co+fc  U^jo 

o^l^J  AmV  ^ ^ ^4—  ^ffa 

•Frtvvv  4w  cyu^a^r  4<-^  ^ ^-p-4  *4*4-0  Utu,  U^.  o^'^U, 
t*>  y^yj-lW  J^r^j  (»-*-  i^a^^Ji. 

4-»Jt^  o*«-e^v-t  crr^Oj  ^cf^Z^A.  4*.-<p~l  »«*-- L«v-~eA 


U. 


o 


W 


cJ^r*-^«^>^  ©|£>«vT£foi'^^ 

<^Qji'-bmJvv  -(^Wvv  *. 

A-F  S?PAc£Ce5vn.  ^eFD  p~~  12--A 


TD16-026 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.15c  Maintainability  - LRU  Failure  Handling 


C^y  /^^\M\r^J  ^V^V  vc<^x^  (*-&>&  ^ 

J?>tst^^\  -^-oTVVV  ’• 

AF^^ed HH-2-A 


TD 16-027 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.15d  Maintainability  - Paperless  Work  Environment 


M^SfAcec^n  Se>££)  H'12,  A 


TD16-028 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.16a  Transportation  - Federal,  State  and  Local  Req'ts 


CO 

m^m 

•a 

o 

£ 

o 


0) 


c 

to 


<D 

i s ^ 

e°oo>^JQ2 
.£  co  ^ i-  . . w 

X r-  r-  U)lfl 

1 6 6 6 6 ci 


T3 

2 

3 

C 

2 

CO 

2 

<D 

r 


CO 

O 

** 

o> 

c 

mmm 

Q. 

Q. 


CO 

0> 

O 


CO 

A 

3 

CO 

CO 

•■M 

c 

CO 


in 

■ 

£ 

o 

4— 

CL 

3 

CO 

o 

o 


• • 


■O 

CD 


c 

o 

• mm 


'5 

DC 


Q. 

Q. 

3 

8a 

o>  ® 
£ » 
S 2 
S c 
«3 

85 

Q.  O 

CO  A 

CO  i- 
CO  k. 

o>  fl) 

C CO 

3 C 

v 2 

^ *1 
T“  CO 
« O) 

o CO 
4=  CO 
CD  O 

§* 
s « 

E.2> 

3 CO 

E 2 
x o 

A > 

S co 


s 

i 


(I) 

2 

* 


o 

to 

CM 

A 


E 

3 

E 


'i 

2 


p 

lo 

© 


< 


o 

I 

O 


3 


<r> 

o 


O 


"3 


Rail  Transportation  approximately  $200K  for  dedicated  service 


Upper  Stage  Transportation  Reqts  (Cont'd) 


•a 

© 


I 

+-» 

CO 

>* 

.Q 

0 

« 

CO 

T3 

C 

CO 

» 

E 

1 

o 

Q 

5 

o 

6 

CO 

4-^ 

3 

o 

5 

C 

0 
CM 

CO 

© 

§£ 

.2  3 

Q 2 
E *o 

1 > 
- 2 
* Q. 

S CO 


© 

£ 


8 

c 

CO 

CO 

T3 

■O 

c 

CO 

•a 

0) 

k. 

0) 

> 

© 

T3 


O) 

'© 

5 

Z o 

CO  c 

© o 

X 
CO 


o 

8.  ! 

j§  .2 

^ CO 

m g 

a § 

*-  33 

~ I 

<D  O 

^ M 

E § 


x 

CO 


~o 

CO 

o 

GC 


© 

4-* 

» 

o> 

c 


O) 

c 

■ BB 

a 

a 


© 

o 

k. 

© 

CD 


© 

£ 

X) 

X 

X 

X 

X 

.2 

X 

k_ 

© 

© 

•w 

© 

£ 

E 

o> 

© 

© 

5 

£ 

E 

E 

3 

3 

E 

x 

E 

© 

© 

• • 


/VI X\  /?  TffiJ  /VI  X*  F/iE  T~T~X\ 


2) 


TD16-029 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.16b  Transportation  - Delivery  from  Manufacturer 


Upper  Stage  Transportation  Reqts 


it 


o 

Q 

CO 

c, 


T> 

0) 

Q. 

Q. 

3 

(0 

0 

-Q 

to  (j 
o £ 

.E  w 

2c 

_ D 

<0  ** 
•«  «K 

o co 

0 JsC 
Q.  O 
CO  CO 

CO  £ 
CO  ^ 
CD  G> 

C 0 
3 C 
CO 

H—  ft- 

""1 
T"  CO 

<2  *? 

*-*  CO 
CD  O 

i" 

sg 

E® 

3 CO 

E -o 

X o 

CO  > 

2 * 


o 

o 

£ 

CD 

CO 

•o 

CD 

0 

O 

T3 

CD 

"D 


* 

O 

o 
04 
<& 

CD 

4— » 

CO 

E 

’x 
o 

Q. 
Q. 
CO 

c 
o 

0 
t 
o 

CL 
CO 

c 

CO 

TT  H 


0 

CO 

0 

X 

CO 

ft. 

0 

Q. 

CO 

JQ 

* 

o 

m 

CM 

CO 

o> 

0 

Hi 

E 

3 

E 

’x 

2 


0 

CC 


A7/i/rr//v  at/i /y/frr/i 


a feit.  it^ 


TD16-030 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.17a  Security 


f^*r\  PoD/ C^^rT/^/  ‘Jtr~ 

IJJ^US'  <ir\*^C-// Lw~sJU  5^WlUl  U^V-  ojL^cA  ^J^^tKr  cXc^v^-*^ 

C*-0^&*ZjU. 4 . 


'\W  tuM1^  c^-~  -Se«*»vi4^  ^^>fnt<J  la^  oJJl  »^4xk4  c^-e^fc^- 

^ rf^p^c^A^  Jjufc****\l  Y+*J  b+^<H<*  L^gU^T 

Y^u*AV/^«4*>>^v3^^  <^"  c^7vr^  CcW'M^  c*<=^» 

\xZ%T C-+J&-  W 4^n  4o  <Mj<ri<X  Siirj 

-Q<aU'  W-^  6Afi+*r=*J  jJ  l'  <fU  t'  0 <=s^j^  ^-t 


TD16-031 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.18a  Availability  - System  Life  Cycle 


u 

fc. 

V) 


o 

(0 

M— 

0) 

"5 

(0 


co 


O) 

.E  5 

(SS 
*o 
c 


a> 


o5 

.<2-o 
E ■£ 

S <5 

<0  c 

3 

(0 

JZ  T3 
+-  (1) 

>*«2 


- c 

A m 
<0  ?: 

o 5 

“■  £ 

JiF 

0).- 

— +- 

>»c 

= ’o 
jto  >x 

<co 


jz 

jo 

'(0 

> 

< 

H— 

o 

(0 

0 

a. 

£ 

a> 

a> 

V- 

H 

o 

v_ 

CO 

<D 

<1> 


•£  a>.2 

<i>!E  a> 

^ o CL 

.ECO 


CO 

■ MM 
>* 

= TO 
-Q  C 

JO  (0 

iTJW 

>0>o 

< >♦= 

^ a>  co 

co  !E  o> 
co  o 
o<  _i 


CO  .2 


co  72 

v_  C 

a>  co 

5-*- 

O c 

-g> 
c a> 
a>  -C 

EJE 

Dr* 
O ±3 

0 O 
0.0 

CO  w 

1 = 
£>  c 

’5  © 
c i= 

-I 


CO 

i. 

<D 
© 

E 

CO 

CO 
Q. 

"co 
c 
o 

■ ^M 

■o 
■o 
< 

o © 

£ E 
w c 

il 

1° 
to  CO  § 
x:  .tz  co  .c 
o Q >»© 
CD  o 

HE=2 

£w'S;e 

■+-  "O  = c 
v.  Q CO  C 

O CO  >"5 
Li-  D<< 


CO 

© 

O) 

CO 

(0 

CD 

Q. 


■o 

© 

o 

c 

CO 

> 

■o 

< 

CD 


E 

o 

V. 

«►- 

c 

<D 

CO 

© 

]— 

© 

f 

CO 

co  >* 

TO  T3 

h3 
0(0 
5 >, 

If 

CO  o 
DC  £ 
t O 

t CD 
2 h- 


RW93 0407-01 A 


(0 

’55 

> 

as 

c 

< 

j2|  o 

c 

<D 

E 

o 


.Q 

ro 

75 

> 

< 

TJ 

<0 

Q. 

I 


CO 

k. 

3 

O 


CM 

co| 

II 

K 

Q 

S 


co 

3 

O 


oinosno 
o>  t—  in  t-  ^ CO 
W CO  in  m CO  r- 
0)0)0  0)0)0) 


CO 

w 

ii 


?o>  m cd  in  in 
CD  CD  in  o oo 
CM  CM  t—  r-  o in 
O O O O CO  CO 


a> 

DC 


J 

\ 


c 

o 


Z=  I CO 


JQ 

iS 

'5 

> 

< 

I 

(/) 


D 

D) 


O t-  CM  CO  Tt  LO 

c c c c c 

"3 .2 .2 .2 .2  ° 

C 0 5 5 5 !h  5 
co  Q.  Q.  Q.  Q.  Q. 

QOOOOO 


h* 

o 


+ 

< co 

5 c 
o 

CQ  ss 
lZ  o 
i—  < 

5 • 
^ o 
o 

< g 
“ g 

El 

E co 


» g 

o 

s-ag 

~ E'T 

— r*  c 
JQ  *7  5 
co  c o 

- (HQ 
•“  o>  V 

CO  2 c 

> * co 

sy 

co  B 

C< 

o 

IMi 

■4-*  “I 

CO 

ii  2 

(D  o> 
Q-£ 

O ^ 


c 

o 

E 


> 

c 

Ui 

■O 

co 

Q. 

I 

c 

o 

2 2 
Z3  Z3 

Is;  O o 

j-4x  x 

“r  CD  CM 

CD  U)  CO 

b II  II 
co 

*2  - 8 
° « I 

ii  E 5 

<35 

Shh- 
m Q o 
bss 


T3 

C 

< 


AMffrw  /VlSmtETTA 


TD16-032 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.18b  Availability  - Stand  Down  Duration,  Probability 


rj-rd^u^  fv*v*  : 

A-F^^ C£IC0V^  ^Pj^O  ^.|.(,4-A 

kvc*iLd!pt'l''  ^ '^~l'^(;"&  V/lV\  ><z-*A  * 


TD16-033 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.19a  Dependability  - Definition 


W'OhO  cLkrxjuJv\  -f"kw> 

AF«5fi40E:c^vt.  ^e»2£)p^. ‘f-.i.iA.l 


TD16-034 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.19b  Dependability  - Factors  in  Calculation 


W^Ct  4*t£*V  U^Vvt  V 

ApSfA(j£^v^  Se>£0  ^ 1. 1 .c^.  i a 


TD 16-035  ^ 

Upper  Stage  Technical  Requirements  Document 

Source  Analysis  for  Paragraph! 

1.19c  Dependability  - Required  Rate 


/ \^<Sf(^c£x2av>i  S&fZtD^.  (f,(. | <^, | 


TD16-036 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.20a  Proximity  Operations 


jQva>c  a^ad  Vj-TW>4 

^l<|  <K-<  <5^*4^!  W *W>5t  cJV-urf  is^yis^bL- 

"V^e  &p*CJt  f~o«<X*vvi.  F^X^.  S*^>parv^r<5^-  ^KOKi'iMt1^ 

O'fUV*^ l^Wyt^-^o  5^u\  c-<-d  V^vf  r~l\^-0) 

C^Z«  lot'  L -Ir^  , J ^ o^Jj\  ^J~X^t\  4o  (aa^L*4^~  ^A&+uajlJ.  Lcirdh 

ir  YZ^jhst-cbi*** 04^  sUA  CA-L&  €>t 

i ^^^.cVVy,  CScJly^i.  cjY  „J0f'O^*/»X4  J<fVs.  , 

S “^n^iV*)  xCl,<u  .e*  5*<^*JbotfrCc  <&rzjbi?^* 
^irt^r~o|M  C^^W/jVi.  y w-o*r fr> 


^>0*4 — 


u^pcr'  ^4**tJ>£.  b 11  Sv^pjtt,"  ^frrrpc  crjW  Ut^ 

<^xsjKxb~i  ( //v|  ^ ca^~  c xo  c*,  ^Ae^tr^ff/  pscW^crC 

<l60^U4^$X*  ktC. 

l/^Cv/^cX^  . 


ro>jt- 


i -4o  ^v©vr  i)<X^ 

|>^4-\'KV<^  cAjL^2lr~ IM-vV^fkiTH.  c*~^  &-4Uv*TmJ(  i l^vts 

^t>^<?i>(/^-o  <*-*  ptopc  crJLk' 

'(d  <y£-  X^e£*<<t<-^  r^\\\x 

&k~yz.  (z*3  orjy3*W  'Ip 


TD16-037 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.21a  Commonality 


TD-09  Upper  Stage  Common  Elements 


01  SSME(lx) 

02  Actuator  System 

03  Lincs/Va Ivcs/Fit tings 

04  Instrumentation 


TD-09  Upper  Stage  Common  Elements 


TD16-038 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.22a  Technology  - Criteria  for  Pursuit 


ivianena  proprietary  Information 


15 

co  t5 
c □ 
.2  <n 

j . j*  \ 


Martin  Marietta  Proprietary  Information 


Q.^ 

Z>  <1> 

*4— 

"O  CtJ 
<D(f> 
c o ~ 

<0  CO 

■Suj 

N O 


J2  co  ca 

•£:  cots 

c <i>  vJ 

LUCd) 

wtj  E 

<0  c 

o*8 
$0-0 
^ 3 c 
<D  "O  <U 
D)  CD  - 
C0.C  >» 

5)  o~ 

a>  co 
Q-  <0  “ 
Q.O  <D 

DOOC 


B •=  co 

© g o <o 

g 2 o m ©a 

w >»>  «z 
- 0-  < ro  0 

2 -o  *i  Q -a 

§2  S w ffl 

J.2?"  « 

o .ts 

co  C 


r2  ra  I-  o (/5 
§22  ~ $ 
a-s  £ o « 

2 o w 

^ « w fi  U 

> J IL  IL  (D 


2 

o 

CO 

S'  ^ 

X o 
ii-  — 
^ 00 
CO  2 
D c 

15 

2 8 
2 E 
co  o 

2 Z 
o 2 
CO  UJ 


c 

0> 

« I 
*2  0) 
2 o) 
p co 
»:  c 
© co 

|i 

Q;  C 
a> 

co  c 

© 5 

o O- 
co  o 
t © 
a>  > 

c 05 

2 o 

T3  o 
(0  CO 
■O  5 

If 

CO  CO 


” > 
g>  o> 

II 

i « 

> a> 

£ H 
“■  -D 

B*  s 

’co  © 
c X 

Q 1 
f>! 

X Q. 


*-»  n 

& £ 

si 

8 < 

8 co 
O o 

£ § 

II 

E o> 
o a 
O O 


©@®@®  ©@©@ . . 0©©@ 


© 

© 

0 

CL 

3 

o 

CL 

3 

O 

CL 

3 

O 

i— 

1— 

o 

0 

0 

Martin  Marietta  Proprietary  Information 


rvianm  Marietta  Proprietary  Information 


CO 

C 

o 

■ ■■ 

■4—* 

CO 

0 


T3 

0 

N 


O 

■ MM 

a 


■a 

<1)> 

Soj 

?o 

■n  ■*-' 

if 

o g 
•C  o 
Q-  E 
(o  E 


S 


2 


TJ 


Ol  2 

"a 
0 
o 
c 
0 
> 

"O 

< 

0 
03 
0 

0) 

0 


CO 

0 

0 

2 = 

3 g 

5 ^ 

8 o 

•C  T3 

O a> 

•o  <0 
a>  *-3 

a "c 

E Z 
o o 
tr  w 

3 03 

< _i 


D> 

C 

I c 
O o 

_J  53 
*-  O 

c 

<0  <j) 

3 Q 

Q.  JC 
O (0 
v-  a) 

0-  _J 
■O  *D 

a)  a> 
<3  to 

E E 

o o 

4~<  4— • 

3 3 

< < 


CO 

C 

o 

*3 

o 

0 

Q. 

CO 

c 

o 

O 

-Q 

O 


a>  o fn6\ 

’6)0  col 

,©©, 

,©©, 

■S-*- 
o co  -tf 

O 

© 

© 

d •—  <0 

J=  DC  o 
O r"o. 

<D  <D  B- 

H > ®- 

Q. 

3 

O 

O 

Q. 

3 

O 

U 

Q. 

3 

O 

k. 

<D 

O)®^ 

c CO 

pSo 

C ^ 

®cS 

c=6i 

LU  CO  c 

“ o o 
W£TO 

O <D~0 

•43  C 

CD  3 <o 

5>  S >; 


O o = 
a,W-S 
u>*-r.2 

2 2® 

co<5SC 

® c -g 
0-0  £ 
Q-CLq 

DDO) 


col 

ri 


col 

gi 


o 

c 

D 

0 


CO 

0 

2 w 
E 13 

O c3 
c +* 

< (/> 
c 

° 0 

1 SL 

S CO 

0>  CD 

o E 

D j= 

2 CQ 

3 CD 

< tr 

©® 


c 

o 

V) 

3 

O" 

o 

< 

0 

4—* 

0 

o 

T3 

0 

N 

0 
«•— » 

3 

Q. 

E 

o 


O 

,©. 


0 

0 

0 

-Q 

0 

4-* 

0 

o 

0 

o 

mZ2 

O 

4-» 

0 

if 

0 

c 

□ 

■ 

c 

O 

.©. 


© © <s 


Q. 

3 

O 

i_ 

(3 


Cl 

3 

O 

i_ 

(D 


Q. 

3 

O 

o 


a 

3 

O 

k. 

O 


Martin  Marietta  Proprietary  Information 


c 

o 


</> 

<D 

ui 

o 

o 

c 

o 

d> 

H 

c 

o 

3 

Q. 

O 

CL 

(1) 

0)1 

CO 

4-* 

CO 

0 

§1 


"O 

0 

N 


O 

■ mmm 

CL 


3 <1> 

— * M— 

"O  CO 

c5  c/> 
co  - 
co  co 

CQ> 

13  w 

N O 
’.3  ■*- 
'JI  >» 

O 

? ca 
Q-  c 
co  O 

.9>£ 

OP 

O o 

oO  <o 

C - 
x:  ^ 
o co 

£<r 

C«Q. 

— > Q. 

ofi< 

5 <0  CO 

•5  <0 

C G> 

LU  C 


r C 


c*o 

o co 

^ (T 


o 

1— 

<D 

E 

E 

o 

;o 


<0 

<D 


3 < 

co 
o 


<o 

<D 

o 
<0 

« r 
.ES 
a £ £ 
> 'H  <n 

o o> 

- a>  g 

UJ  < < 


•o  Q 

0)  — 


m E 


a T3 

— k_ 

o <0 
_ i=  TJ 
^ £ c 
Q.  (0 
<0  *-> 
LL  CO 


> 

O 


O 

> 

t _ 

*.3  (0 

CO  ’Z 

w £ 

O CO 

■D  S 

Sh" 

0 "o 
<j>  a> 

txl  c 

1 s 

2 x> 

Ui  < 


c 

o 

•w 

0 

3 

0) 

c 


o 

c <C 

o>  .2 

c 

UJ  w 


— “NS, 


CO 

E 

k. 

o 

JC 

H 

"O 

o 

o 

c 

CO 

> 

TJ 

< 


* 3 

D <0 
-O  W 

o 2 

2 CL 
T>  -O 

a>  o> 


a>  ~ 

C <D  A 

Bgg. 

w £ o 
p o>  tr 

— C CO 

o = % 

w o ~ 


2 sz 


2 C 

2 < 


O rz 


n 

* 


o 

h- 

I 

in 


o 

o 

c 

0 

£ 

C 


J3 

Xm 

0 

1 

c 

o 

UJ 
2 
< / ) 


CO  LU  CO 


O 

o> 

CO 

l. 

o 

*-* 

co 

o 

£*  co 

o o 

E tt 

Z CM 

o o 

H (3 
g>  03 
O 3C 

_j  a 


c 

o 

CO 

4-* 

c 

0 

E 

3 

4-J 

0 

c 

08 

u 

0 

H— 

0 

c 

0 

k. 

H 

"O 


c 

o 

a 

o 

4— • 
0 

Q 

0 

0 

§1 

o c 


“Si 

8.S. 

CO  co 


T3 

CD 

O 

c 

<0 

> 

T3 

< 


® CO 

E o 
£ o 
a X 


©0@@®,  0@@@@®ri  ©©©©©, 
i _ J L-.  ^ * • "*  . 


2 3 C 

Q_  "D  <0 

fl)  »» 

TJ  ±_  >, 

a>  o-— 

cw5 
co  +s  ca 
> com 

tj  o <D 
<ODC 


© 

CL 

3 

O 

k. 

<3 


a. 

3 

O 

1- 

a 


Q. 

3 

O 

u. 

0 


Martin  Marietta  Proprietary  Information 


CO 

0) 

<-> 

w 

o 

a 

E g 

o ° 

o CO 
TJ  C 

CD  0> 

o CO 
C t- 
TO  £ 

> <5 

5 E 
< co 


CO 

o 


E 

CO 

k. 

a> 

O 


co 

"D 

*C 

D> 

O 

JO 

a> 

’(0 

O 

Q. 

E 

o 

O 


O 


Marlin  Marietta  Proprietary  Information 


Martin  Marietta  Pr^  .dtary  Information 


co 

> 


U) 

c 

*co 

E 

o 

v. 

CL 

■*—> 

CO 

o 

s 

CD 

• 8 

•O  0 

’>< 
° — 

£ g 

co  o 

<D  •— 
0)0 
■2  i 

1= 

O 

,a>  co 
I—  co 
o 

go 

E< 

o co 

« § 
c E 


co 


0) 

o 


co 
co  -c 
a>  c 
XLU 


>» 

CO 

■u 

o 

I- 

0 

£1 

c o 

’co 


LU 

*U 

c 

CO 

CO 

<D 

O) 

CO 

-4-> 

CO 

u. 

CD 

CL 

Q. 


O 

CD 

O 


< 

CD 


■u 

CD 
> 
O 

Xm 

CL 

E 

<D 

i— 

CO 

*-  m 

O — 


a> 

n 

w co 

w 5 = 

co  > S- 

cd  o 5- 
o>&< 
■2  E £ 

A M M 


O 

c 


CO 

_ . CO 

o < •— 


CD 


0) 

H 


;>,0> 


o !a 
— co 


o 

c 


"D  JC  W C 

S 0 co  ■=  o 

z:  O i 0 0 

■g  3 ®CCH 


« * 

o £ ro  co  <2 

occScoS 


Martin  Marietta  Proprietary  Information 


TD16-039 

Upper  Stage  Technical  Requirements  Document 
Source  Analysis  for  Paragraph: 

1.22b  Technology  - Compatibility  with  Requirements 


i}^M  b*_  ^ v^>^/  4t>  c<rvvv^^^oi'^  <*£&  ^e^'^f<  t^j) 


VaAV^ 


ot-d 


6l)c^G"Ce. 


o 

LL 

(/) 


2 E 

- 2 <2 
O ^ 0) 
■ . > (0 

c o 


a .2 

H 2 
— o> 
CO  .* 

II 

’■6  x 

<§  § 
” & 
2 > 

G>  g- 

■18 


»o 

CO  • 


<D  0) 
■O  C 
CO  O 

O)  ' 
Q.  Q 
3 CO 

si 

o 5 

'3  Q 

§•  = 
c ■ 
< 


c c 
c o « 
o •—  d) 

tj  « a 
CO  ++  r\ 

0)  V U 

*|o 
g i« 

5K  X . 

a & -C 
— _ CO 

§ i 2 
5 &•£ 

, >*  >»  CO 

; a S-2 

8 ^ ® 

:«¥l 

: o ? g 


1 U-  « 
LU  > C 
DC  Q © 
© © E 

® ® 5 

Q Q J= 

9 D 5 

tt  DC  . 


Report  Documentation  Page 

1 Report  No.  2.  Government  Accession  No. 

3.  Recipients  Catalog  No. 

4.  Title  and  Subtitle 

Summary  of  Special  Studies 

5.  Report  Date 
September  1993 

6.  Performing  Organization  Code 
6.  Performing  Organization  Report  No. 

7.  Authors) 

John  R.  Hodge  - Martin  Marietta  Astronautics 


9.  Performing  Organization  Name  and  Address 
Martin  Marietta  Astronatfics 
P.O.  Box  179 
Denver,  CO  80201 


12.  Sponsoring  Agency  Name  and  Address 

NN'ional  Aeronautics  and  Space  Acfrmnisi ration 
Marshall  Space  RigN  Center 
Huntsville,  AL  35812 

15.  Supplementary  Notes 


MCR-93-1362 


10.  Work  Unit  No. 


11.  Contract  or  Grant  No. 
NASS' 37856 


13.  Type  of  Report  and  Period  Covered 
Contract  Report 

14.  Sponsoring  Agency  Code 


16  report  for  Phase  I addressed  the  future  space  tnu.pcx1a.ion  need.  and 

and  their  evolution  through  technology^dvarKed  foremost  the  placed  high  values  on  the 

results  of  these  TDs  were  reported  in  conjunction  with  the  Phase  I Final  Report 

trj^’ssxsrfssss^ 

stages  featuring  modularity,  portabWy,  scalability,  and  evoivabilily. 
path  to  future  upper  stages. 


17.  Key  Words  (Suggested  by  Authors)) 

Space  Transfer  Vehicle,  Advanced  Upper  Stage,  Vehicle  Health 
Management,  First  Lunar  Outpost.  Integrated  Main  Engine,  Lunar 
Transportation  System,  Propulsion  Avionics  Module,  Avionics  Testbed 


16.  Distribution  Statement 
Unclassified  - UnSmited 


19.  Security  Class  if.  (of  this  report) 
Unclasslied 

NASA  FORM  1626  OCT  86 


20.  Security  Classif.  (of  this  page) 
Unclassified 


21.  No.  of  pages 


22.  Price 


